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Date: 25 January 1990, 17:20:39 EST 

From: (R.L.Garwin (914) 945-2555) RLG2 at YKTVMV 

IBM Fellow and Science Advisor to the Director of Research 
P.0. Box 218 
Yorktown Hts, NY 10598 
To: GAI at YALEVM 

JONESSE at BYUVAX 
KGL at APSEDOFF 

Subject: Conclusions. 

Reply-To : RLG2 at WATSON 

Right now I find no significant disagreement between the efficiencies 
calculated by A1 Anderson, myself, and Moshe Gai for 2 or more votes 
among the 10 ring counters, or for 4 or more votes. 

Actually, from my tables, efficiency for 2 or more votes among the ring 
counters (with M=40 neutrons in a burst) would be 80.55% rather than the 
"at least 90%" cited by Gai at the foot of page 11 (Draft 2, received by 
me 01/23/90). A1 Anderson quotes 90.45% for 50, 45.69% for 20 neutrons; 
my table shows 89.16% for 50 neutrons-- hardly a significant disagreement. 

So if people can avoid arguing about who said what when, and who said 
what first, they can get down to the significance of the results. Naturally, 
there should be a reasonable derivation of efficiency in the paper; I offer 
the view that all these numbers are small enough that there is no need for 
power-series expansions that raise a red flag of "probabilities exceeding 
unity." I would think that the paper should quote some of the Monte Carlo 
results of Anderson in comparison with analytical results. 

What does it mean? The Los Alamos results are not made more significant 
by including long-duration counting, if the bursts always come early in 
the run; so the comparison should be made with the maximum rate observed 
at LANL at the early parts of the run-- compare with burst RATE rather 
than with total bursts divided by total time. The Menlove, Garcia, Jones 
paper LAUR 89-3633 (10/16-18/89) states (Page 5) 

"... the majority of neutron bursts occur during warmup from LN; however 
the time period while the sample is between -100 C and 0 C represents 
less than 5% of the sample counting time."" and 

"it is highly significant that ALL of the high-yield bursts occurred 
during the LN warm-up at -30 C." 

From Table II one can see 19 bursts with neutron numbers greater than 50-- 
many MUCH greater than 50, for which the ring counter should give 2 or 
more votes with probability exceeding 90%. Taking into account the 50% 
probability of 2 or more votes with neutron numbers as small as 22, one 
can simply say that no neutron bursts exceeding 40 occurred within the 
apparatus at Yale during the running time of the experiment. And one 
could go on to say that if the conditions were the same as at LANL, 
some xx events exceeding M = 40 would have been expected. 

Of course, if only 2 events were anticipated, even identical source 
conditions would have detected the anticipated rate with an efficiency 

l-e**-2 

since there would be a probability e**-2 that none of the two expected 
events occur. This small-number probability is much more important than 
the inefficiency of the detector. 
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Of course, if the conditions can be created only at LANL, Yale doesn't 
have a chance... But that's what publishing experimental results is 
all about. 

Dick Garwin 
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Received: by YALEVM (Mailer R2.03B) id 6147; Thu, 25 Jan 90 10:50:27 EST 
Date: Thu, 25 Jan 90 10:29:07 EST 

From: "MOSHE GAI , (203)432 5195, FAX: (203)432 3522" <GAI@YALEVM> 

Subject: Hit Probability 

To: "R.L. Garwin" <rlg2@watson> , 

Steve Jones <jonesse@byuvax> , 
kelvin lynn <kgl(9apsedof f> 


Dear Dick, 

Thank you for sending to me your solution for hit probabilities. I must add 
that I have enjoyed reading your letter. Your way of calculating hit 
probability is different than mine and I always enjoy seeing things from a 
different angle. I particularly enjoyed learning of your trick for caculating 
no hit (no vote) from a counter, which I have now derived using a Poisson 
distribution. Please note that your equation at the bottom of page 2 is 
missing an e, seems like a typo. 

Your hit probability P2RP, for 2 or more hits in ten ring counters 
independently of the two central detectors (A and B), is directly related to 
the sum of curves for K=2, 3, 4, etc. of my Fig. 5 of draft number 2. I FAXed 
to you this figure a few days back. I will FAX to you the comparison of the 
two sollutions. The two solutions appears almost indistinguishable. The 
largest disagreement occurrs for multiplicity M=40 where you calculate 80.55% 
probability and I calculate 81.61% probability. 

Let me than thank you for taking the time to calculate these probability, and 
for bringing to my attention a different way of solving the problem. I hope 
you agree that my solution as outlined in draft number 2, equation (2), is in 
fact equivalent to your solution. 

I am still puzzeled by the question of the best way quote an upper limit on the 
burst size, having calculated hit probabilities, and not observing a particular 
fold and higher. Yesterday you told me on the phone that my solution, as 
outlined in draft 2, could be improved to yield a tighter upper bound. I am 
awaitting your solution. 

Thank you again Moshe Gai. 
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Dear Dick, 

Thank you for sending to me your solution for hit probabilities, I must add 
that I have enjoyed reading your letter. Your way of calculating hit 
probability is different than mine and I always enjoy seeing things from a 
different angle, 1 particularly enjoyed learning of your trick for caculatirig 
no hit (no vote) from a counter, which I have now derived using a Poisson 
distribution, Please note that your equation at the bottom of page 2 is 
missing an e, seems like a typo. 

Your hit probability P2RP, for 2 or more hits in ten ring counters 
independently of the two central detectors (A and B) , is difectly related to 
the sum of curves fox K=2, 3, 4, etc. of my Pig, 5 of draft number 2. I FAXed 
to you this figure a few days back. I will FAX to you t^e comparison of the 
two sollutions . The two solutions appears almost indistinguishable. The 
largest disagreement occurrs for multiplicity M=40 where you calculate 80.55% 
probability and 1 calculate 81.61% probability. 


tv 


Let me than thank you for taking the time to calculate these probability, and 
for bringing to my attention a different way of solving the problem, I hope 
you agree that my solution as outlined in draft number 2, equation (2), is in 
fact equivalent to your solution. 


I am still puzzeled by the question of the best way quote an upper limit on the 
burst size, having calculated, hit probabilities, and not observing a particular 
fold and higher. Yesterday you told me on the phone that my solution, as 
outlined in draft 2, could be improved to yield a tighter upper bound, I am 
awaitting your solution. 
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Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 
P.0. Box 218 

Yorktown Heights, NY 10598 
(914) 945-2555 


January 24, 1990 


Professor Moshe Gai 
A.W. Wright Nuclear 
Structure Laboratory 
Yale University 
New Haven, CT 06511 

Dear Moshe, 

Here is a hard-copy of what I have just sent you by BITNET 
and FAX. 

My primary reason for writing, however, is to enclose the 
materials I received from Steve Jones. I hope that in the 
future you will be able to rely on Steve Jones to send you 
the materials! 

Xv 

I have now looked at Dr. Anderson's calculation, with which 
mine has a lot in common. I hope that he, too, will be 
motivated to find errors in my calculation. 

Very best regards. 

Sincerely yours. 


Richard L. Garwin 
Enel : 

01/24/90 LTR RLG to M. Gai re results of calculation 
outlined in RLG letter of 01/23/90. 

-01/24/90 FAX RLG to M. Gai re source of tables. 

+01/19/90 LTR S.E. Jones to RLG. (011990. SEJ) 

CC : 

S.E. Jones, BYU (Via FAX to 9 (801) 378-2800). 
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Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 
P.0. Box 218 

Yorktown Heights, NY 10598 
(914) 945-2555 


January 24, 1990 
(Via BITNET to GAI at YALEVM) 


Professor Moshe Gai 
A.W. Wright Nuclear 
Structure Laboratory 
Yale University 
New Haven, CT 06511 

Dear Moshe, 

Here are the results of the program of calculations outlined 
in my letter of 01/23/90. 

First, I assumed that for a single neutron liberated into 
the assemblage, there is a probability of 0.10 of giving a 
count in counter A, 0.10 of giving a count in counter B, and 
0.008 of giving a count in each of ten other counters. To 
be precise, I assumed that each of these probabilities was 
independent of any other, so that the overall probability of 
detection of a single neutron is precisely 0.28. At the 
end, I shall show how to compensate to provide an 
approximate result on the alternative assumption that a 
neutron could count only in a single counter. 

As an illustration, and in confidence that the experimenters 
will want to do their own calculations in full detail along 
these lines as well as in other ways, I have calculated the 
probability of having four or more counters each detect at 
least one neutron in a burst of M neutrons. Analogous 
results could, of course, be obtained for three or more 
counters, five or more counters, etc. 

One can write a general expression for arbitrary numbers of 
counters of arbitrary individual efficiency, but because I 
did this in my head while driving the car, I treat counters 
A and B separately from the gang of ten. My program is 
first to calculate the probability of detection in both 
A and B, and in two or more of the gang of ten. I then 
calculate the probability of detection in A and not B, and 
in three or more of the gang of ten. There is an identical 
probability of being counted in B and missed in A. Then I 
calculate the probability of being counted in neither 
A nor B, but in four or more of the gang of ten. 


With the specified assumptions, the probability of four or 
more counters registering when subject to a burst of 
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[ 1 ] 

[ 2 ] 

[3] 

[4] 

[5] 

[ 6 ] 
[7] 
C8] 

[9] 

[ 10 ] 
[ 11 ] 
[ 12 ] 

[13] 

[14] 

[15] 


„ „ 90/01/23 22:09:29 *** Function GAI 

V GAI 

PA+1-* (-MxEPSl ) 

NS+*(-MxEPS 2 ) 

YS+1 -NS 

P2<- (PA*2 )xP2RP+(1- (NS*N)x (1+Nx YS*NS ) ) 

Pl+PAx (l-PA)xi-QJS*N)xTMP+l + (NxYS*NS)+Nx (N- 1 )x(i* 2 xi )x(YS*NS)*2 
P0<-( (1-PA)*2 )xl - (NS*N)xTMP+Nx (N-l )x (N-2 )x(lr3x2xl)x (YS+NS)* 3 
P*-P2 +P1 +P1 +P0 

PnRP+1- (NS*N)xTMP+Nx (N- l)x(iy-2)x(i^3x2xl)x (YS*NS)* 3 
'PROBABILITIES ARE NAMED AS FOLLOWS : ' 

*P2 IS BOTH A AND B, AND 2 OR MORE OF 10 RING COUNTERS' 

'PI IS A AND NOT B, AND 3 OR MORE OF 10 RING COUNTERS' 

1 P 0 IS NEITHER A NOR B, AND 4 OR MORE OF 10 RING COUNTERS' 

'P IS P2 + PI + PI + P0 , SO 4 OR MORE COUNTERS OF ANY TYPE' 

' P2RP IS 2 OR MORE OF 10 RING COUNTERS, INDEPENDENT OF A AND B' 

^ p 4 RP IS 4 OR MORE OF 10 RING COUNTERS, INDEPENDENT OF A AND B' 


k k k 
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M neutrons is then obtained precisely as the sum of these 
four probabilities, which involve no "double counting." 

I emphasize that an individual counter has only one vote in 
this operation, no matter how many neutrons may have 
collided in its active material. 

The fundamental basis of this calculation is the recognition 
that with a given counter efficiency eps, and a number of 
neutrons in the assemblage M, the expected number of counts 
in that counter is M*eps. Of course, no matter how many 
"counts," there is only one vote . But the probability of no 
counts is then e** ( -M*eps ) . This is a result readily 

obtained from the binomial distribution for the Poisson 
process, and is a handy thing to remember. This is the 
origin of my comment of last October, that if there is an 
expected number p, then the probability of getting no counts 
is e**-p, so that the probability of having a detection (one 
or more counts) is (l-e**-p). 

So if we call the "high" efficiency of counters A and B 
(each) epsl, then the probability of a count (for a single 
injected neutron) in A or in B is just epsl. The expected 
number of counts in either of these counters for M neutrons 
injected is M*epsl (each), so the probability of no 
detection in counter A is e** ( -M*epsl ) . Therefore, the 
probability of a vote from counter A is ( 1-e** ( -M*epsl ) ) . 
And the probability of a vote from A and from B is the 
square of this value. 

In similar fashion (and particularly suitable for 
calculation without paper), one can write the probability 
that the gang of ten will give two votes or more as one 
minus the probability that the gang of ten will give zero 
votes, minus the probability that it will give precisely a 
single vote. The probability that a single counter will 
give zero votes is e** ( -M*eps2 ) , which we can call "NS" for 
"no". The probability that it will give vote is then one 
minus this value (1-NS), which we can call "YS" for "yes". 
Therefore, the probability that there will be no votes among 
the N (which is 10) is NS**N, and the probability that there 
will be precisely one vote among the N is N* ( YS/NS) * (NS**N) . 

I believe the "number of votes" is precisely K, in your 
notation. In order to avoid confusion, I will let P (K,M) 
represent the probability of obtaining K or more votes from 
a burst of M neutrons. From what I have said before 

P(K,M) = P2(K,M) + P1(K,M) + P1(K,M) + P0(K,M) 

where the first term means detection in both A and B, 
the second and third terms detection in A or in B 
respectively, and the fourth term detection in neither 
A nor B. 


R 


P2(K,M) = ( (l-e**-M*epsl)**2) * ( 1- ( 1+N*YS/NS ) * (NS**N) ) 
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where NS = e**-M*eps2 and YS = 1-NS. 

For K = 4 and M = 22, we have P2(K / M) = 0.3929. 

Similarly, PI = 0.02071 and P0 = 0.00077, for a grand total 
P2 + PI + PI + P0 = 0.4351. 


Neutrons into assemblage: 


2 

4 

6 

8 

10 


12 

14 

16 

18 

20 


22 

24 

26 

28 

30 


32 

34 

36 

38 

40 


42 

44 

46 

48 

50 


Probability of 

4 or more 

votes 

(P) : 


0.0004 

0.0055 

0.0206 

0.0483 

0.0880 


0.1375 

0.1939 

0.2541 

0.3157 

0.3764 


0.4351 

0.4905 

0.5422 

0.5899 

0.6335 


0.6731 

0.7089 

0.7412 

0.7701 

0.7960 


0.8191 

0.8397 

0.8581 

0.8744 

0.8889 


I have calculated precisely the 

results of this algorithm by 

a program 

in the APL language. However 

convenient and 

compact, this is neither readily interpreted 

nor reproduced 

in ordinary 

fonts . 

I will 

send you and 

Steve the APL 

program for 

reference 

(by FAX) . 

In the meantime, I attach a 

page of results. 





Note that 

even a 

single neutron 

has a 

(very small) 

probability 

of giving 4 votes 

Aside from 

this partially 

non-physical 

aspect. 

I believe 

the results 

obey reasonable 

limits. If 

one insisted that 

a neutron could give only a 

single vote. 

the calculated efficiencies could be taken to 


apply to neutron numbers M larger than those tabulated by a 
factor 1.18 for P2 and P0; 1.08 for PI and P0, P2RP, and 
P4RP. I hope these calculations are helpful and would 
welcome any detection of errors. Please note that the table 
for P differs from that I sent yesterday-- I found an error 
in one of the formulas for PI. 

Sincerely yours. 


Richard L. Garwin 
cc : 

S.E. Jones, BYU (Via BITNET to JONESSE at BYUVAX) . 
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'PROBABILITIES ARE NAMED AS FOLLOWS:' 

' P2 IS BOTH A AND B, AND 2 OR MORE OF 10 RING COUNTERS' 

'PI IS A AND NOT B, AND 3 OR MORE OF 10 RING COUNTERS' 

'PO IS NEITHER A NOR B, AND 4 OR MORE OF 10 RING COUNTERS' 

'P IS P2 + PI + PI + PO, SO 4 OR MORE COUNTERS OF ANY TYPE' 

' P2RP IS 2 OR MORE OF 10 RINGERS, INDEPENDENT OF A AND B' 

' P4RP IS 4 OR MORE OF 10 RINGERS, INDEPENDENT OF A AND B' 

(Neutrons injected) *** Numeric M *** 

2 4 6 8 10 

12 14 16 18 20 
22 24 26 28 30 
32 34 36 38 40 
42 44 46 48 50 

*** Numeric P2 *** 

0.0003 0.0041 0.0156 0.0376 0.0705 

0.1130 0.1629 0.218 0.276 0.3348 

0.3929 0.449 0.5024 0.5524 0.5988 

0.6415 0.6804 0.7157 0.7476 0.7763 

0.8019 0.8249 0.8453 0.8635 0.8796 

*** Numeric PI *** 

0.00006 0.00070 0.00238 0.00508 0.00841 

0.01187 0.01501 0.01756 0.01936 0.02039 

0.02071 0.02041 0.01964 0.01852 0.01717 

0.01568 0.01415 0.01263 0.01117 0.00979 

0.00852 0.00737 0.00634 0.00543 0.00463 

*** Numeric PO *** 

0.00000 0.00007 0.00024 0.00046 0.00068 

0.00085 0.00095 0.00097 0.00094 0.00087 

0.00077 0.00066 0.00055 0.00045 0.00036 

0.00028 0.00021 0.00016 0.00012 0.00009 

0.00007 0.00005 0.00003 0.00002 0.00001 

*** Numeric P *** 

0.0004 0.0055 0.0206 0.0483 0.0880 

0.1375 0.1939 0.2541 0.3157 0.3764 

0.4351 0.4905 0.5422 0.5899 0.6335 

0.6731 0.7089 0.7412 0.7701 0.796 

0.8191 0.8397 0.8581 0.8744 0.8889 

*** Numeric P2RP *** 

0.0104 0.0377 0.0769 0.1242 0.1764 

0.2313 0.287 0.3423 0.3961 0.4478 

0.4969 0.5431 0.5862 0.6263 0.6632 

0.6972 0.7282 0.7565 0.7822 0.8055 

0.8266 0.8455 0.8626 0.8779 0.8916 

*** Numeric P4RP *** 


0.0000 

0.0001 

0.0008 

0.0022 

0.0050 

0.0093 

0.0156 

0.0240 

0.0347 

0.0477 

0.0630 

0.0806 

0.1004 

0.1221 

0.1456 

0.1707 

0.1971 

0.2247 

0.2531 

0.2823 

0.3118 

0.3417 

0.3715 

0.4013 

0.4308 
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.fo off fold 

P(K,M) = P2(K,M) + P1(K,M) + P1(K,M) + P0(K,M) 

. sk 


where the first term means detection in .us on;both ; .us off; A and B, 
the second and third terms detection in A or in B respectively, and the 
fourth term detection in .us on;neither ; .us off; A nor B. 

. sk 

P2(K,M) = ((l-exp**-M*eps2)**2) * (l-(l+N*y/n)*n**N) 

. sk 

where n = exp**-M*epsl and y = 1-n. 

. sk 

For K = 4 and M = 22, we have P2(K,M) = 0.3929. 

Similarly, PI = 0.0395 and P0 = 0.0045, for a grand total 
P2 + PI + PI + P0 = 0.4764. 

. sk 

Neutrons into assemblage: 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 


Probability < 

of 4 or more votes 

■ (P): 

0071 

0.0271 

0.0584 

0.0992 

0.1473 

2004 

0.2563 

0.3132 

0.3695 

0.4242 

4764 

0.5257 

0.5716 

0.6142 

0.6534 

6892 

0.7218 

0.7514 

0.7782 

0.8023 

8241 

0.8436 

0.8611 

0.8767 

0.8907 



. fo on 


o 
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90/01/23 17:03:45 *** Function GAI 

V GAI 

Cl] PA+l-*(-MxEPSl ) 

[2] NS<r*(-M*EPS 2) 

[3] YS-s-l-NS 

[4] P2<-(PA*2 )x (1- (NS*N ) x ( 1 +iVx YS+NS ) ) 

[5] flP2 

[6] Pl^PAx (l-PA )xl - (NS*N )*TMP<-1 + (NxYS+NS )+I7x (W-l)x(l-f3x2 (YSiNS)*2 

[7] P0-e( (1-P4)*2 )xl-(WS*iV)xPMP+Wx(W-l )x(tf-2 )x ( 1 *4x3 x 2 )x ( YStNS )*3 

[8] P«-P2+P1+P1+P0 

[9] P 

V 



•k k k 


6, ^ n v 
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Date: 23 January 1990, 17:54:18 EST 

From: (R.L.Garwin (914) 945-2555) RLG2 at YKTVMV 

IBM Fellow and Science Advisor to the Director of Research 
P.0. Box 218 
Yorktown Hts, NY 10598 
To: GAI at YALEVM 

cc: JONESSE at BYUVAX 

Subject: Counting efficiency. 

Reply-To : RLG2 at WATSON 

I have calculated as promised. I will send the results tomorrow morning, 
together with a detailed exposition. 

You will be able to see exactly the assumptions made and will be able to 
calculate for other values . 

Dick Garwin 



Q/A3 ?c. 
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Date: 23 January 1990, 18:39:09 EST 

From: (R.L.Garwin (914) 945-2555) RLG2 at YKTVMV 

IBM Fellow and Science Advisor to the Director of Research 
P.0. Box 218 
Yorktown Hts, NY 10598 
To: GAI at YALEVM 

cc: JONESSE at BYUVAX 

Subject: FAX, etc. 

Reply-To: RLG2 at WATSON 

I just received your FAX, which I will take home to study. 

Here is the (probably not understandable) meat of the letter. Letter 
is dictated and has more equations, but this I did myself in order to 
incorporate the results of calculations. 




* P(K,M) = P2(K,M) + P1(K,M) + P1(K,M) + P0(K,M) 

* . sk 

* where the first term means detection in .us on;both ; .us off; A and B, 

* the second and third terms detection in A or in B respectively, and the 

* fourth term detection in .us on;neither ; .us off; A nor B. 

* . sk 

* P2(K,M) = ( (l-exp**-M*eps2)**2) * ( 1- ( l+N*y/n)*n**N) 

* .sk 

* where n = exp**-M*epsl and y = 1-n. 

* . sk 

* For K = 4 and M = 22, we have P2(K,M) = 0.3929. 

* Similarly, PI = 0.0395 and P0 = 0.0045, for a grand total 

* P2 + PI + PI + P0 = 0.4764. 

* .sk 

* Neutrons into assemblage: 

* 


/V 

2 

4 

6 

8 

10 


12 

14 

16 

18 

20 

ju 

22 

24 

26 

28 

30 

* 

32 

34 

36 

38 

40 


42 

44 

46 

48 

50 

JU 

JU 

Probability 

of 4 or more votes 

(P): 

JU 

0.0071 

0.0271 

0.0584 

0.0992 

0.1473 

JU 

0.2004 

0.2563 

0.3132 

0.3695 

0.4242 

JU 

0.4764 

0.5257 

0.5716 

0.6142 

0.6534 

JU 

0.6892 

0.7218 

0.7514 

0.7782 

0.8023 

/V 

0.8241 

0.8436 

0.8611 

0.8767 

0.8907 
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UPDATE ON THE MEASUREMENT OF NEUTRON EMISSION 

FROM Ti SAMPLES IN PRESSURIZED D 2 GAS 


H. O. Menlove and E. Garcia 
Los Alamos National Laboratory 
Los Alamos, NM 87545 


S. E. Jones 

Brigham Young University 
Provo, UT 84602 


During the Workshop on Cold Fusion Phenomena, Santa Fe, New Mexico, May 2, 1989, 
we reported [Los Alamos National Laboratory report LA-11686-C (September 1989)] on the mea- 
surement of neutrons emitted during pressurized D 2 gas experiments using Ti and Pd samples. 
The experimental program has continued since the Santa Fe meeting, and our data base has more 
than doubled. 

Our recent work has included detector upgrades, background investigations, acoustical 
emissions, and sample preparation and procedure investigations. This report will give a brief 
summary of our work in the above areas. 


I. DETECTOR UPGRADES 

We are using four independent 3 He neutron detector systems for our experiments. All of the 
systems use 3 He tubes in polyethylene (CH 2 ) moderators to detect the neutrons. The detector 
characteristics and background levels are given in Table L 


TABLE I. Neutron Detector Characteristics 


Identification 

Shape 

Number 
3 He Tubes 3 

Total 

Efficiency 1 * 

Random 

Bkg 

(counts/s) 

Coincidence 

Bkg c 

(counts/h) 

System 1 

Rectangular 

channel 

18 

21 

0.23 

1.3 

System 2 

Cylindrical 

cavity 

6 

26 

0.092 

0.35 

System 3 

Cylindrical 

cavity 

16 + 5 

34 

0.16 

2.3 

System 4 

Cylindrical 

cavity 

16 + 3 

31 

0.39 

2.3 


a The 3 He tubes typically have a 30 cm active length and a fill pressure of 4-6 atm. 

kThe total efficiency was measured using a calibrated 252cf source located at the sample position. 

c The coincidence background was measured with a 1.2-kg sample cylinder in the counting 
position. 
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A. Background Neutrons 

We have reported results for both random neutron (totals) emission and time-correlated 
(coincidence) neutron emission. The background random neutrons originate primarily from 
cosmic-ray interactions in the detector, shielding, and sample, as well as from radioactive decay of 
uranium in the concrete shielding and a and (3 decay in the 3 He tube walls. On the ciher hand, the 
time-correlated neutrons originate from cosmic-ray spallation reactions in the sample and detector 
body. If the spallation reaction takes place at a significant distance from the detector tubes, the 
small solid angle and intervening shielding between the spallation and the detector prevent the de- 
tection of a coincidence event. 

To investigate neutron background fluctuations, we counted the neutron backgrounds from 
the dummy sample for 3 weeks for System 4 and 2 weeks for System 3 and showed that the ob- 
served scatter of random counts ( 1 O^-s time intervals) about the mean was no larger than the ex- 
pected standard deviations (RSD) of 1.6% for System 4 and 2.0% for System 3. 

Recendy, the external neutron backgrounds in Systems 1, 2, and 3 have been reduced by the 
addition of 10 to 30 cm of CH 2 to the exterior of the detectors. These lower rates are reflected in 
Table I. 

B . System 3 Upgrade 

An electronic noise veto counter has been added to System 3. Figure 1(a) shows a schematic 
diagram of the upgraded system. The split of the high voltage to the external set of five 2 He tubes 
is used to pick up possible electronic noise such as voltage spikes and rf interference. The external 
tubes have no CH 2 and they are wrapped in cadmium so they have negligible efficiency for count- 
ing neutrons. Their coincidence rate is less than 1 count per day. A coincidence count in this ex- 
ternal counter vetoes a count in any of the other systems. 

C. System 4 Upgrade 

A third ring of^He tubes has been added to System 4 as shown in Fig. 1(b). Ring 3 has 
completely independent electronics from the two inside rings and it measures the sample neutrons 
with an overall efficiency of 5%. The ratio of totals counts between the inside detector and ring 3 
is 6/1 and the corresponding coincidence count ratio is 46/1. 

The ring ratio can be used to show that the neutrons originated from the sample, and for 
larger bursts, the ratio can be used to establish the average neutron energy. 

D. Neutron Die-away Time 

For System 4, we have split the output from the inside detector to two different coincidence 
electronics, as shown in Fig. 1(b). The normal shift-register 1 has a coincidence gate of 128 ps and 
the second shift register has a gate of 32 ps. A 252 Cf source was used to show that an instanta- 
neous burst of neutrons results in a coincidence ratio in the two gates (128 (is/ 32 ps) of 2/1. We 
now check that our background and sample burst events satisfy this ratio within the counting 
statistics. This is essentially a measure of the neutron die-away time (~50 ps) in the detector. 

Typical sources of electronic noise will not satisfy this gate ratio criteria. 


II. NEUTRON BURST RESULTS 

We have continued to measure neutron bursts from the Ti samples in D 2 gas; however, the 
events are unpredictable and difficult to obtain. Table II gives a list of the samples that have 
yielded neutron bursts. The list shows the number of source neutrons, and the underlined values 
correspond to events that occurred during warm-up from liquid nitrogen (LN) temperatures at 
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SAMPLE 



OUTSIDE 

RING 



Fig. 1. (a) Schematic diagram of detector System 3 with the 
external electrical noise veto counter containing five ^He tubes 
inside a cadmium absorber, (b) Schematic diagram of detector 
System 4 with an outside ring of detectors for splitting the 
signal from the inside detector and dual gate electronics for the 
inside tubes. 


approximately -30°C. The samples in parenthesis were marginal performers, and they are on the 
borderline between active and inactive samples. 

Table III lists the samples that were inactive in that they yielded no neutron bursts. Four of 
the inactive samples were H 2 gas control samples and six were deuterided Pd samples. All of the 
H 2 samples have been inactive and they are currently being used for the dummy samples. 
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TABLE II. Active Samples-Burst Results 


Starting 

Date 

(Mo/d) 

Sample 3 

Number of Source Neutrons 53 

4/28 

Ti-1 

122, m 26 

5/6 

Ti-6 

22L12£,12L2Q,12,122,24 

5/16 

(Ti-10) 

12,11 

5/19 

DH-1 

55, 15, 15, 27 

6/2 

DD-2 

12, 85. 15. 15. 39. 142. 18, 30 

6/9 

(DH-4) 

21 

6/12 

(Ti-1 3) 

24 

6/20 

Ti-14 

15,91,12,24 

6/28 

Ti-16 

24, 24, 12, 1L 18, 15, 15, m IS 

7/8 

DD-56 

12, 222, 120, M, 4£ 

7/18 

Ti-19 

88, 15 

8/18 

Ti-22 

Xy 55,22 

8/11 

(Ti-23) 

19, 23, 19 

8/8 

Ti-24 

35, mil, 16, 16, 15, 15 

8/22 

(Ti-25) 

32 

8/24 

(Ti-28) 

12 

8/29 

Ti-30 

mm 

9/11 

T1-31A 

S6.M 

9/12 

Ti-32 

22*35 


a The parenthesis around a sample number indicates a marginal performer that is on the borderline 
between active and inactive samples. 

bThe underline under the neutron yield indicates that the burst occurred during warm-up from LN 
temperature. 


Most of the samples from Ti-12 to Ti-36 have used variations of the alloy Ti-6, 6, 2 (6% Al, 
6% V, 2% Sn) or Ti-6, 4 (6% Al, 4% V). The metal bar stock is cut into small turnings ( — 1 by 1 
by 3 mm) on a lathe. 

An example of an active sample data run is shown in Fig. 2, where the coincidence counts 
per 2000-s time interval are plotted vs the counting time. The large emission at about 195 h oc- 
curred at the -30° temperature after removing the sample from the LN following a D 2 gas refill. 
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Table ILL Inactive Samples 


H 2 Gas 
Controls 

D 2 Gas 
Ti Samples 

D 2 Gas 
Pd Sampl 

Ti-27 

Ti-2 

Pd- IS 

Ti-29 

Ti-4 

Pd-2S 

Ti-3 T 

Ti-5 

Pd-3S 

Ti-35 

Ti-7 

Pd-4S 


DD-3 

Pd-5L 


Ti-8 

Ti-9 

Ti-11 

Ti-12 

Ti-15 

Ti-17 

Ti-18 

Ti-20 

Ti-21 

Ti-26 


The relationship between the neutron 
bursts and the LN temperature cycle 2 con- 
tinues. The underlined values in Table II 
show that the majority of neutron bursts 
occur during warm-up from LN’ however, 
this time period while the sample is be- 
tween -100°C and 0°C represents less than 
5% of the sample counting time. The 
dummy samples and control samples have 
never given a burst during their equivalent 
warm-up period. 

This dramatic relationship between 
the LN cycle and the bursts is illustrated in 
Fig. 3, where the burst frequency is plotted 
as a function of the number of source neu- 
trons. We see that there are a few events as 
large as 200-300 source neutrons; how- 
ever, most events are at the low end of the 
distribution. Sources smaller than -15 n 
are lost in the cosmic-ray spallation back- 
ground. 

In Fig. 3, the solid bars represent 
bursts that occurred at — 30°C, and the 
cross-hatched bars correspond to room 
temperature bursts. It is highly significant 
that all of the high-yield bursts occurred 
during the LN warm-up at — 30°C. 


For recent experiments, we have at- 
tached an acoustic emission sensor 3 to the 
outside of our stainless-steel cylinders that contain the D 2 gas and Ti chips. The sensor can detect 
the cracking sounds from the hydriding of the Ti metal chips. 

We have found that there is no detectable acoustical emission at the time of the neutron 
bursts. However, samples that have no- or low-acoustical emission are not likely to yield 
neutrons. Samples that we thought were the same yielded acoustical emissions that differed by an 
order of magnitude. Several samples have yielded many thousands of acoustical emissions with- 
out any neutron emission. 


III. SUMMARY 

We continue to observe infrequent neutron bursts from Ti metal chips and electrolysis residue 
samples in pressurized D 2 gas. We have been unable to pinpoint the sample characteristics that 
yield the neutrons. However, we have identified some negative characteristics related to inactive 
samples such as (1) predeuterided Ti or Pd at high temperature, (2) unstressed Ti pieces that do not 
crack under the LN temperature cycle. The H 2 control samples have all been inactive. 

Ten samples have yielded large neutron bursts with at least 23 bursts at the — 30°C tempera- 
ture. A time interval of several days is required between the gas loading and the first neutron yield 
from the LN cycles. High-efficiency detectors, time-correlation counting, and noise rejection are 
required to measure the neutron bursts. 
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Fig. 2. Neutron time-correlated counts for 2000-s counting intervals vs time for Ti-16. 
The large burst at 195 h into the experiment occurred during warm-up from LN at 
~-30°C following a refill of D 2 gas in the cylinder. 




Fig. 3. The neutron burst frequency vs the yield of source neutrons in the 
burst. The solid bars correspond to burst events during the LN warm-up 
at — 30°C. 
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MEMORANDUM 



J anuary 

17, 1990 

TO: 

Steve Jones 





FROM: 

Moshe Gai 





SUBJECT: 

1. Derivation 

2 . Comment by 

of Moshe's efficiency formula 
Dick Garwin 

(from 

report 

to DOE) 

I have 

mailed to you 

the three papers where the 

most 

general 

case for 


probabilities are derived. If you work it out you will, convince yourself that 
Moshe's formula from the interim report is a 1st order approximation of the most 
general solution, as I shall demonstrate here. The papers I listed are: 

1. G.B. Hagemann et al . ; Nucl. Phys . A245 (1975) 166 . 

2. 0. Andersen et al.; Nucl. Phys. A295(1978)163 . 

3. L. Westerberg et al . ; Nucl. Instr. Meth. 145 (1977)295. 

At first you will note that in Ref. 1 equations A. 2 should be multiplied by the 
bynomial coefficient B(N,p) on the LHS and equ. A. 3 should be multiplied by the 
same binomial on the RHS . This is correctly done in equ. 15 of Ref. 3. Please 
note that k of Ref. 3 is equal to N-x, of Ref. 1. This new notation was 
introduced in Ref. 3 so as not to sum binomial coefficients of value zero. 

The most general solution was given by B.R. Mottelson (see p. 186 of Ref. 1), in 
equ. 14 of Ref. 1, which is the same equation as A. 3. The hit probability is 
then: 

p Np “ (-) N+p Sx=i N (-) X+1 *B(p,N-x)F x *B(N,p) 

In Ref. 1 we find: "To the first order in £)P , eq. (14) gives:" 


— M*(M-1)*. . ,*(M-p+l)QP*B(N,p) 

You will note that since we don't run our array in coincidence with a gamma 
detector: (M-l) of Ref. 1 -* M, as it appears here. But: 

-M*N0*(M-l)*(N-l)n/2*. . .*(M-p+l)*(N-p+l)tl/p 

Which is the so called Moshe's formula (actually was discovered by many nuclear 
physicist befor me). I shall state again, there is nothing wrong with Moshe's 
formula as appeared in the report. This formula is clearly an approximation to 
the exact solution, which was appropriate for an interim report. As such it is 
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bound to break down (when the conditions for the approximation are not met) . You 
will note that both "Moshe's formula" as appeared in our report, and equ. 15 of 
Ref. 1 yield efficiencies which are larger than one, for some value of M. i.e. 
at these values of H the approximation breaks down. A quick glance in Mottelson 
formula and Ref, 1 would have saved a lot of time . 

2. Dick Garwin comment to me was of completely different nature, and I am afraid 
Steve you did not understand it. He correctly states, that if you have say a 
probability p of winning, if you do an experiment 1/p times that still does not 
mean that you will arrive at 100% winning probability, since the distribution is 
of Poisson type. This comment has nothing to do with the approximation 
introduced in Moshe's formula. 

I hope that this finally settles these trivia! 
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Dr. John Maddox 
Editor, Nature 
4 Little Essex St 
London, WC2R 3LF 
United Kingdom 


January 10, 1990 

Manuscript #: M06594R 
H.O. Menlove et al . 


Dear Dr. Maddox, 

On October 19th, 1989, I offered my resignation as a referee on the above 
paper submitted by H.O. Menlove et al., a Los Alamos - Brigham Young 
University collaboration on "cold fusion". I cited a "conflict of 
interest" as the reason for my resignation, as I was at that time 
involved in a collaboration with Professor Steve E. Jones of BYU, to test 
the validity of the experimental results reported in the paper by Menlove 
et al . In retrospective my resignation, which at the time appeared to be 
the right thing to do, was a mistake. I now feel that in fact due to my 
collaboration with Steve E. Jones, I am in a better position for judging 
the quality of that paper and would like to offer you some additional 
Information on this work. 

I feel that throughout my dealing with the Los Alamos-BYU collaboration, 
as a referee, and in endless conversations and communications with Dr. 
Jones and Dr. Menlove, the collaboration has failed to address the 
specific criticisms raised about their paper and their experiment. It 
seems that they have neglected to reply, as I shall detail below, 
assuming that the criticism will just vanish. I am writing to you 
directly, because I fear the process involved runs deeply against one of 
the pillars of the scientific method: "the scientific debate", a process 
at which scientific criticism is directly addressed and properly dealt 
with. 

As a referee I criticized the paper of Menlove et al . and pointed out 
shortcomings that could be addressed in simple new experiments. Instead 
of addressing these shortcomings with new data, Menlove et al . have 
apparently continued to search for "cold fusion" neutrons over the last 
half a year or so, in the same old way that they have been doing it, 
without altering their scientific method and without addressing my 
criticism. 

Specifically, I pointed out the fact that the Menlove experiment has a 
large background, some factor of 20 to 2000 larger than any of the other 
"cold fusion" searches that were active at the time. I understood from 
Howard Menlove, that the experiment could be repeated in a quieter 
environment, in a nearby cave in Los Alamos laboratory, but this to my 
knowledge was not done. With such a large background I really don't know 
what they are measuring, and the bursts could arise from a lot of 
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possibilities: noise, MeVs electrons from cosmic shower that will 
activate the ^He counter, neutrons from cosmic showers, etc. etc. 

I noted that the control experiments were insufficient to show that a 
real effect was observed. In many searches for "cold fusion" neutrons, 
other researchers observed such bursts with the control sample, and much 
care is required to eliminate false detections. As you know in my study 
of the background of the Yale-BYU collaboration, a burst of neutrons from 
a control cell was observed, including some 20 neutrons. In our 
experiment the background is some factor of a 1000 times smaller than the 
Los Alamos -BYU one, but we still observe such burst events in the 
background. In this Los Alamos experiment, due to the large background, 
several additional control experiments must be carried out, for example 
with deuterium gas no Ti, or with various shielding to study the effect 
of a cosmic shower etc. etc., as detailed in my two reports to Nature 
from last summer. To my knowledge none of these control experiments were 
carried out. In my judgement the paper by Menlove does not provide 
convincing evidence for observing a real burst of neutrons and excluding 
background effects . 

In the search for the random emission of neutrons, while the data were 
measured over one night, the background was measured over a different 
night, and simple fluctuation in barometric pressure between the two 
nights, could account for the 10% excess of neutrons above "background" 
reported by Menlove et al . The experiment performed here is incomplete 
in ruling out this possibility, even though a very simple experimental 
setup could be devised to address this issue correctly. As detailed in 
my report(s) the method used in the paper is in my opinion wrong on this 
aspect. I am surprised that after we had such a well publicized dialogue 
in Nature, back in May, lead by the comments of John Carpenter, on the 
effect of barometric pressure changes on cosmic neutron flux, the Los 
Alamos -BYU experiment still neglected this effect. 

I have pointed out their over optimistic estimate of error bars, where 
they neglected systematical errors. The authors quote an error bar of 
the order of 0.5%, where I showed that merely the placement of the 
cylinder in the detector would cause a larger error bar. The authors to 
my understanding never in fact addressed this issue and continued to 
quote a statistical significance of their effect of some 10 ct or so, which 
I have shown to be manifestly wrong. 

In their manuscript they claim that bursts of neutrons are observed at a 
specific temperature of the cylinder, at -30°C, as the cylinder is 
brought to room temperature from liquid nitrogen temperature. This is in 
fact not supported by their data. Unfortunately, the collaboration does 
not have a detailed table including all the parameters of the bursts of 
neutrons that they observed. When I mentioned to Dr. Jones that in fact 
in the Menlove paper submitted to Nature, there are quite a few bursts 
shown to appear at room temperature, Dr. Jones in fact revealed that 40% 
of the bursts were obtained at room temperature. Dr. Jones does not see 
this as contradicting his statement, that the bursts are distributed 
mainly around -30°C, since the time they spent measuring at room 
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temperature is in fact much longer, so in his opinion they simply sampled 
the tail of the distribution over a longer time. Neglecting the logical 
structure of this argument, I have suggested to Dr. Jones a simple test 
of this idea by measuring only at -30°C, on top of the alleged 
distribution, and therefore increase the neutron yield. Dr. Jones 
replied that they did not do it since they claim that the cylinders have 
to soak in deuterium gas at room temperature for a long time, before 
neutron emission starts... This sounds to me like an ad-hoc theory on 
deuteriding, and I was unable to confirm it with any of my material 
science colleagues. Furthermore, this new "soaking procedure" is also 
contradicted by the data shown in Menlove et al , i.e. in Table III 50% of 
the bursts described appear before cycle 5 (within a few days) and all 
bursts appear before cycle 9 (slightly over a week) . I should mention 
that many of these communications with Dr. Jones, were in writing and I 
would be happy to provide Nature with any of Dr. Jones' memoranda. 

While collaborating with Dr. Jones the material science experts from 
Yale, reviewed the protocol developed in Los Alamos for treating the Ti 
samples. To our surprise we learned that the Ti samples were incorrectly 
handled in the Los Alamos experiment and without the removal of the 
surface oxide layer it is in fact possible that no deuterium have 
penetrated the Ti samples used in Los Alamos! A similar statement was 
made by the experts in Brookhaven, who studied deuteriding of Ti in the 
last 20 years as part of the 'hydrogen economy program' . In my talk at 
the "New York Material Science Society", on Nov. 2nd, this neglect in the 
Los Alamos experiment was met with a worry about the relevance of these 
results to the so called "cold fusion" phenomena. This fact escaped the 
criticism of my original referee report, due to insufficient details 
provided in the Menlove paper about the treatment of the Ti samples . 

Unfortunately, the Los Alamos -BYU collaboration did not address this new 
criticism on the material science aspects of their experiment, by 
repeating the experiment with a treated surface, that should allow the 
formation of the deuteride phase. Even though one may imagine that this 
treatment of the surface would yield an increase in neutron emission. 
While one may claim that they still found an altogether new phenomena not 
related to "cold fusion", these problems should be clearly stated in the 
paper . 

Instead of addressing the criticism on the treatment of the Ti , the 
authors have stated an ad-hoc theory that the deuterium is inserted to 
the metal through repeated cycling to liquid nitrogen temperatures, by 
cracking the surface. They claim that after the surface is cracked, the 
deuterium makes its way to the bulk of the metal over a prolonged period 
of time through the fresh cracks in the surface. Again, I was unable to 
verify this theory for "a new method" for deuteriding Ti, with any expert 
on material science. Furthermore, they all tell me that once the 
deuteriding process starts the metal is brought to saturation almost 
immediately, contrary to the claims of Jones et al. 
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All these arguments on the metal characterization could be addressed by- 
simple measurements (i.e. pressure measurements) and by using standard 
procedures for material characterization. I am frustrated that after 
half a year or so of work, the laboratory at Los Alamos has neglected to 
characterize the Ti samples used in their work. We still have no 
quantitative evidence whatsoever, that the Ti samples in the Los Alamos 
work included deuterium in any part of the metal! I feel that this is an 
important issue that the authors should address. 

As you know the Yale-BYU-BNL negative results, appearing in a joint 
report submitted on Oct. 27th to the DOE/ERAB panel on "cold fusion", are 
now almost five months old. I maintain that our data invalidate the Los 
Alamos -BYU results as appearing in the manuscript submitted to Nature. 
While I don't claim that one search should prohibit the publication of 
another, and again steering away from "conflict of interest", the result 
of our collaboration only emphasize the validity of the criticism against 
the Los Alamos -BYU paper. 

It is important to mention the results of the Yale-BYU-BNL collaboration 
since I noticed an effort to delay the publication of our data and to 
down play our results. On Nov. 9th, 1989, Nature have published 
quotations from Dr. Jones on our collaboration which contradict 
scientific facts appearing in our report to DOE. Later Dr. Jones in a 
communication to Dr. Lindley and to myself, suggested that he was 
misquoted by Nature. Last Friday when I requested that Dr. Jones 
participates in a three way conference call including Dr. Lindley, Dr. 
Jones and myself, to resolve the matter, Dr. Jones retracted his previous 
statement that he was misquoted. But the fact still remains unchanged 
namely, a false criticism of the Yale-BYU-BNL experiment was published in 
Nature . 

In the Nature comment Jones claims that the Yale-BYU-BNL experiment that 
lasted 10 days, was too short to allow the formation of the deuteriding 
phase. Again as mentioned before, the data In Table III of Menlove et 
al . , contradict this statement (with 50% of the bursts occurring within a 
few days). While we have exactly repeated the Los Alamos procedures, 
including the length of the experiment and the number of cycles , as 
reported in the paper by Menlove et al . submitted to Nature, we find 
negative results with upper limits on neutron emission over an order of 
magnitude smaller than reported in Los Alamos, as quoted in our report to 
DOE. The sensitivity of the Yale experiment is much improved due to a 
smaller background with a similar detection efficiency. 


It is my opinion, that the severe criticism of the Los Alamos-BYU 
experiment as outlined above (coupled with the negative results of the 
Yale-BYU-BNL experiment) invalidate the paper of Menlove et al . and the 
burden is now on the Los Alamos-BYU collaboration to prove that they 
performed a measurement of some relevance. This I feel, is certainly not 
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demonstrated in the manuscript submitted to Nature, and can only be 
addressed by performing the appropriate future experiments that will 
demonstrate their claims to be true. 


Sincerely , 



Moshe Gai 

Associate Professor of Physics 

cc : Dave Lindley 
Phillip Ball. 
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Expressions for interpreting y - ray multiplicity measurements with a Ge(Li) and N Nal detectors are derived. A scattering 
chamber designed to allow measurements of multiple coincidences between a Ge(Li) detector and/or particle detectors and 
up to 12 Nal detectors is described. A special multiplicity recording unit has been constructed. It employs the strobed 
overlap coincidence technique and it is suitable for routing a multichannel analyzer or for interfacing to a computer. De- 
tails of the analysis procedure are discussed. The application of a computer code to multiplicity calculations is described. 
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MEMORANDUM January 17, 1990 

TO: Steve Jones 

FROM: Moshe Gai 

SUBJECT: 1. Derivation of Moshe 's efficiency formula (from report to DOE) 

2. Comment by Dick Garwin 

I have mailed to you the three papers where the most general case for hit 

probabilities are derived. If you work it out you will, convince yourself that 
Moshe' s formula from the interim report is a 1st order approximation of the most 
general solution, as I shall demonstrate here. The papers I listed are: 

1. G.B. Hagemann et al . ; Nucl. Phys . A2A5(1975)166 . 

2. 0. Andersen et al. ; Nucl. Phys. A2_95(1978)163 . 

3. L. Westerberg et al.; Nucl. Instr. Meth. 145(1977)295. 

At first you will note that in Ref. 1 equations A. 2 should be multiplied by the 

bynomial coefficient B(N,p) on the LHS and equ. A. 3 should be multiplied by the 

same binomial on the RHS . This is correctly done in equ. 15 of Ref. 3. Please 
note that k of Ref. 3 is equal to N-x, of Ref. 1. This new notation was 

introduced in Ref. 3 so as not to sum binomial coefficients of value zero. 

The most general solution was given by B.R. Mottelson (see p. 186 of Ref. 1), in 
equ. 14 of Ref. 1, which is the same equation as A. 3. The hit probability is 
then: 

Pn p - (-) N+ PS X - 1 N (-) X+1 *B(p,N-x)F x *B(N,p) 

In Ref. 1 we find: "To the first order in QP , eq . (14) gives:" 


=M*(M-1)*. . .*(M-p+l)QP*B(N,p) 

You will note that since we don't run our array in coincidence with a gamma 
detector: (M-l) of Ref. 1 -*■ M, as it appears here. But: 

-M*N0*(M-l)*(N-l)0/2*. . .*(M-p+l)*(N-p+l)0/p 

Which is the so called Moshe 's formula (actually was discovered by many nuclear 
physicist befor me). I shall state again, there is nothing wrong with Moshe 's 
formula as appeared in the report. This formula is clearly an approximation to 
the exact solution, which was appropriate for an interim report. As such it is 
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bound to break down (when the conditions for the approximation are not met) . You 
will note that both "Moshe's formula" as appeared in our report, and equ. 15 of 
Ref. 1 yield efficiencies which are larger than one, for some value of M. i.e. 
at these values of M the approximation breaks down. A quick glance in Mottelson 
formula and Ref, 1 would have saved a lot of time . 

2. Dick Garwin comment to me was of completely different nature, and I am afraid 
Steve you did not understand it. He correctly states, that if you have say a 
probability p of winning, if you do an experiment 1/p times that still does not 
mean that you will arrive at 100% winning probability, since the distribution is 
of Poisson type. This comment has nothing to do with the approximation 
introduced in Moshe's formula. 

I hope that this finally settles these trivia! 
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YALE UNIVERSITY 

A. W. WRIGHT NUCLEAR STRUCTURE LABORATORY 

p.O Box 6666. 272 Whitney Avenue. New Haven. Connecticut 0651 1 


Dr. John Maddox 
Editor, Nature 
4 Little Essex St 
London, WC2R 3LF 
United Kingdom 


January 10, 1990 

Manuscript #: M06594R 
H.O. Menlove et al . 


Dear Dr. Maddox, 

On October 19th, 1989, I offered my resignation as a referee on the above 
paper submitted by H.O. Menlove et al., a Los Alamos - Brigham Young 
University collaboration on "cold fusion". I cited a "conflict of 
interest" as the reason for my resignation, as I was at that time 
involved in a collaboration with Professor Steve E. Jones of BYU, to test 
the validity of the experimental results reported in the paper by Menlove 
et al. In retrospective my resignation, which at the time appeared to be 
the right thing to do, was a mistake. I now feel that in fact due to my 
collaboration with Steve E. Jones, I am in a better position for judging 
the quality of that paper and would like to offer you some additional 
information on this work. 

I feel that throughout my dealing with the Los Alamos -BYU collaboration, 
as a referee, and in endless conversations and communications with Dr. 
Jones and Dr. Menlove, the collaboration has failed to address the 
specific criticisms raised about their paper and their experiment. It 
seems that they have neglected to reply, as I shall detail below, 
assuming that the criticism will just vanish. I am writing to you 
directly, because I fear the process involved runs deeply against one of 
the pillars of the scientific method: "the scientific debate", a process 
at which scientific criticism is directly addressed and properly dealt 
with. 

As a referee I criticized the paper of Menlove et al . and pointed out 
shortcomings that could be addressed in simple new experiments. Instead 
of addressing these shortcomings with new data, Menlove et al . have 
apparently continued to search for "cold fusion" neutrons over the last 
half a year or so, in the same old way that they have been doing it, 
without altering their scientific method and without addressing my 
criticism. 

Specifically, I pointed out the fact that the Menlove experiment has a 
large background, some factor of 20 to 2000 larger than any of the other 
"cold fusion" searches that were active at the time. I understood from 
Howard Menlove, that the experiment could be repeated in a quieter 
environment, in a nearby cave in Los Alamos laboratory, but this to my 
knowledge was not done. With such a large background I really don't know 
what they are measuring, and the bursts could arise from a lot of 
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possibilities: noise, MeVs electrons from cosmic 

activate the ^He counter, neutrons from cosmic showers 


shower that 
etc. etc. 


will 


I noted that the control experiments were insufficient to show that a 
real effect was observed. In many searches for "cold fusion" neutrons, 
other researchers observed such bursts with the control sample, and much 
care is required to eliminate false detections. As you know in my study 
of the background of the Yale-BYU collaboration, a burst of neutrons from 
a control cell was observed, including some 20 neutrons. In our 
experiment the background is some factor of a 1000 times smaller than the 
Los Alamos-BYU one, but we still observe such burst events in the 
background. In this Los Alamos experiment, due to the large background, 
several additional control experiments must be carried out, for example 
with deuterium gas no Ti, or with various shielding to study the effect 
of a cosmic shower etc. etc., as detailed in my two reports to Nature 
from last summer. To my knowledge none of these control experiments were 
carried out. In my judgement the paper by Menlove does not provide 
convincing evidence for observing a real burst of neutrons and excluding 
background effects . 

In the search for the random emission of neutrons, while the data were 
measured over one night, the background was measured over a different 
night, and simple fluctuation in barometric pressure between the two 
nights, could account for the 10% excess of neutrons above "background" 
reported by Menlove et al. The experiment performed here is incomplete 
in ruling out this possibility, even though a very simple experimental 
setup could be devised to address this issue correctly. As detailed in 
my report(s) the method used in the paper is in my opinion wrong on this 
aspect. I am surprised that after we had such a well publicized dialogue 
in Nature, back in May, lead by the comments of John Carpenter, on the 
effect of barometric pressure changes on cosmic neutron flux, the Los 
Alamos-BYU experiment still neglected this effect. 

I have pointed out their over optimistic estimate of error bars, where 
they neglected systematical errors. The authors quote an error bar of 
the order of 0.5%, where I showed that merely the placement of the 
cylinder in the detector would cause a larger error bar. The authors to 
my understanding never in fact addressed this issue and continued to 
quote a statistical significance of their effect of some 10 ct or so, which 
I have shown to be manifestly wrong. 

In their manuscript they claim that bursts of neutrons are observed at a 
specific temperature of the cylinder, at -30°C, as the cylinder is 
brought to room temperature from liquid nitrogen temperature. This is in 
fact not supported by their data. Unfortunately, the collaboration does 
not have a detailed table including all the parameters of the bursts of 
neutrons that they observed. When I mentioned to Dr. Jones that in fact 
in the Menlove paper submitted to Nature, there are quite a few bursts 
shown to appear at room temperature, Dr. Jones in fact revealed that 40% 
of the bursts were obtained at room temperature. Dr. Jones does not see 
this as contradicting his statement, that the bursts are distributed 
mainly around -30°C, since the time they spent measuring at room 
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temperature is in fact much longer, so in his opinion they simply sampled 
the tail of the distribution over a longer time. Neglecting the logical 
structure of this argument, I have suggested to Dr. Jones a simple test 
of this idea by measuring only at -30°C, on top of the alleged 
distribution, and therefore increase the neutron yield. Dr. Jones 
replied that they did not do it since they claim that the cylinders have 
to soak in deuterium gas at room temperature for a long time, before 
neutron emission starts. . . This sounds to me like an ad-hoc theory on 
deuteriding, and I was unable to confirm it with any of my material 
science colleagues. Furthermore, this new "soaking procedure" is also 
contradicted by the data shown in Menlove et al, i.e. in Table III 50% of 
the bursts described appear before cycle 5 (within a few days) and all 
bursts appear before cycle 9 (slightly over a week) . I should mention 
that many of these communications with Dr. Jones, were in writing and I 
would be happy to provide Nature with any of Dr. Jones' memoranda. 

While collaborating with Dr. Jones the material science experts from 
Yale, reviewed the protocol developed in Los Alamos for treating the Ti 
samples. To our surprise we learned that the Ti samples were incorrectly 
handled in the Los Alamos experiment and without the removal of the 
surface oxide layer it is in fact possible that no deuterium have 
penetrated the Ti samples used in Los Alamos! A similar statement was 
made by the experts in Brookhaven, who studied deuteriding of Ti in the 
last 20 years as part of the 'hydrogen economy program' . In my talk at 
the "New York Material Science Society", on Nov. 2nd, this neglect in the 
Los Alamos experiment was met with a worry about the relevance of these 
results to the so called "cold fusion" phenomena. This fact escaped the 
criticism of my original referee report, due to insufficient details 
provided in the Menlove paper about the treatment of the Ti samples . 

Unfortunately, the Los Alamos-BYU collaboration did not address this new 
criticism on the material science aspects of their experiment, by 
repeating the experiment with a treated surface, that should allow the 
formation of the deuteride phase. Even though one may imagine that this 
treatment of the surface would yield an increase in neutron emission. 
While one may claim that they still found an altogether new phenomena not 
related to "cold fusion", these problems should be clearly stated in the 
paper . 

Instead of addressing the criticism on the treatment of the Ti , the 
authors have stated an ad-hoc theory that the deuterium is inserted to 
the metal through repeated cycling to liquid nitrogen temperatures, by 
cracking the surface. They claim that after the surface is cracked, the 
deuterium makes its way to the bulk of the metal over a prolonged period 
of time through the fresh cracks in the surface. Again, I was unable to 
verify this theory for "a new method" for deuteriding Ti, with any expert 
on material science. Furthermore, they all tell me that once the 
deuteriding process starts the metal is brought to saturation almost 
immediately, contrary to the claims of Jones et al. 
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All these arguments on the metal characterization could be addressed by 
simple measurements (i.e. pressure measurements) and by using standard 
procedures for material characterization. I am frustrated that after 
half a year or so of work, the laboratory at Los Alamos has neglected to 
characterize the Ti samples used in their work. We still have no 
quantitative evidence whatsoever, that the Ti samples in the Los Alamos 
work included deuterium in any part of the metal! I feel that this is an 
important issue that the authors should address. 

As you know the Yale-BYU-BNL negative results, appearing in a joint 
report submitted on Oct. 27th to the DOE/ERAB panel on "cold fusion", are 
now almost five months old. I maintain that our data invalidate the Los 
Alamos -BYU results as appearing in the manuscript submitted to Nature. 
While I don't claim that one search should prohibit the publication of 
another, and again steering away from "conflict of interest", the result 
of our collaboration only emphasize the validity of the criticism against 
the Los Alamos -BYU paper. 

It is important to mention the results of the Yale-BYU-BNL collaboration 
since I noticed an effort to delay the publication of our data and to 
down play our results. On Nov. 9th, 1989, Nature have published 
quotations from Dr. Jones on our collaboration which contradict 
scientific facts appearing in our report to DOE. Later Dr. Jones in a 
communication to Dr. Lindley and to myself, suggested that he was 
misquoted by Nature. Last Friday when I requested that Dr. Jones 
participates in a three way conference call including Dr. Lindley, Dr. 
Jones and myself, to resolve the matter, Dr. Jones retracted his previous 
statement that he was misquoted. But the fact still remains unchanged 
namely, a false criticism of the Yale-BYU-BNL experiment was published in 
Nature . 

In the Nature comment Jones claims that the Yale-BYU-BNL experiment that 
lasted 10 days, was too short to allow the formation of the deuteriding 
phase. Again as mentioned before, the data In Table III of Menlove et 
al., contradict this statement (with 50% of the bursts occurring within a 
few days). While we have exactly repeated the Los Alamos procedures, 
including the length of the experiment and the number of cycles , as 
reported in the paper by Menlove et al. submitted to Nature, we find 
negative results with upper limits on neutron emission over an order of 
magnitude smaller than reported in Los Alamos, as quoted in our report to 
DOE. The sensitivity of the Yale experiment is much improved due to a 
smaller background with a similar detection efficiency. 


It is my opinion, that the severe criticism of the Los Alamos -BYU 
experiment as outlined above (coupled with the negative results of the 
Yale-BYU-BNL experiment) invalidate the paper of Menlove et al . and the 
burden is now on the Los Alamos -BYU collaboration to prove that they 
performed a measurement of some relevance. This I feel, is certainly not 
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demonstrated in the manuscript submitted to Nature, and can only be 
addressed by performing the appropriate future experiments that will 
demonstrate their claims to be true. 


Sincerely, 




Moshe Gai 

Associate Professor of Physics 


cc : Dave Lindley 
Phillip Ball. 
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From: "MOSHE GAI, (203)432 5195, FAX: (203)43; 

Subject: Hit probability 

To: Dick Garwin <rlg2@watson> 


3522" <GAI@YALEVM> 


Date: 

From: 

Subject: 

To: 


===--"■■■ === --—— ====^ - ■ = == === = = = 76 

Wed, 17 Jan 90 22:02:02 EST 

"MOSHE GAI, (203)432 5195, FAX: (203)432 3522" <GAI@YALEVM> 
Moshe's Formula and Dick Garwin 1 s comments 
Steve Jones <jonesse(9byuvax> 


MEMORANDUM 

TO: Steve Jones 

FROM: Moshe Gai 

SUBJECT: 1. Derivation of Moshe's 

2. Comment by Dick Garwi: 

I have mailed to you the three papers where the most general case for hit 
probabilities are derived. If you work it out you will convince yourself that 
Moshe's formula from the interim report is a 1st order approximation of the most 
general solution, as I shall demonstrate here. The papers I listed are: 

1. G.B. Hagemann et al.; Nucl. Phys . A245 (1975) 166 . 

2. 0. Andersen et al . ; Nucl. Phys. A295 (1978) 163 . 

3. L. Westerberg et al.; Nucl. Instr. Meth. 145(1977)295. 

At first you will note that in Ref. 1 equations A. 2 should be multiplied by the 
bynomial coefficient B(N,p) on the LHS and equ. A. 3 should be multiplied by the 
same binomial on the RHS . This is correctly done in equ. 15 of Ref. 3. Please 
note that k of Ref. 3 is equal to N-x, of Ref. 1. This new notation was 
introduced in Ref. 3 so as not to sum binomial coefficients of value zero. 

The most general solution was given by B.R. Mottelson (see p. 186 of Ref. 1), in 
equ. 14 of Ref. 1, which is the same equation as A. 3. The hit probability is 
then : 
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efficiency formula (from report to DOE) 


PNp = (-)N+p sum (-)x+l*B(p,N-x)Fx *B(N,p) 

In Ref. 1 we find: "To the first order in e**p, eq. (14) gives:" 


. . * (M-p+1) e**p*B (N , p ) 


=M*(M-1)*. 


oinfo.MG-J 
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You will note that since we don't run our array in coincidence with a gamma 
detector: (M-l) of Ref. 1 is replaced by M, as it appears here. But: 

=M*Ne* (M- 1 )*(N- 1) e/2* . . .*(M-p+l)*(N-p+l)e/p 

Which is the so called Moshe's formula (actually was discovered by many nuclear 
physicist befor me). I shall state again, there is nothing wrong with Moshe's 
formula as appeared in the report. This formula is clearly an approximation to 
the exact solution, which was appropriate for an interim report. As such it is 
bound to break down (when the conditions for the approximation are not met). 

Note that both "Moshe's formula" as appeared in our report, and equ. 15 of 
Ref. 1 yield efficiencies which are larger than one, for some value of M. i.e. 
at these values of M the approximation breaks down. A quick glance in Mottelson 
formula and Ref. 1 would have saved a lot of time. 


2. Dick Garwin comment to me was of completely different nature, and I am 
afraid you did not understand it. He correctly states, that if you have say a 
probability p of winning, if you do an experiment 1/p times that still does not 
mean that you will arrive at 100% winning probability, since the distribution is 
of Poisson type. This comment has nothing to do with the approximation 
introduced in Moshe's formula. 


I hope that this finally settles these trivia! 

M0SHE GAI , (203)432 Steve Jones 1/17/90 Moshe's Formula and Dick Garw 


Received: by YALEVM (Mailer R2.03B) id 2218; Wed, 17 Jan 90 22:39:22 EST 
Date: Wed, 17 Jan 90 22:36:18 EST 

From: "MOSHE GAI, (203)432 5195, FAX: (203)432 3522" <GAI@YALEVM> 

Subject: Communication to Menlove 

To: Dick Garwin <rlg2@watson> 


Dear Dick, 

In continuation of our discussion on the phone and after I received a copy of 
the letter from John Schiffer, here is my reply to Menlove, for which I am 
awaiting response. 

(Could you please confirm receipt of this message, since I am not sure which 
address I should use?) Moshe Gai. 


Dr. H.O. Menlove January 17, 1990 

Los Alamos National Laboratory 
"Nuclear Safeguard" 

Los Alamos, NM 87545 


Dear Howard, 

Please note that your letter to Dr. John Schiffer, dated December 18, 1989, 
a copy of which was forwarded to me, includes an error. While you stated 
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that the Yale experiment has an efficiency of 2%, it is in fact 28%. You 
attached an underlined statement, from the abstract of our interim report, 
that suggest that the efficiency is 2%. However, as we explain in details 
in the manuscript of the report, the data is analyzed in search of bursts 
in "the singles" mode, with 28 % efficiency. Only in our forthcoming 
publication we use the time of flight coincidence mode, with 2 % efficiency, 
to analyze the data in search of neutrons emitted in random fashion. I 
have explained this fact in my letter of December 21st, for which I have 
not yet received a reply. I forward a copy of this letter to Dr. Schiffer. 

I should also mention again that the efficiency of your detector is not 11% 
as you state in your paper. A complete derivation of hit probabilities for 
a source of large multiplicity, was first derived by B.R. Motteslon. In 
our report we used a 1st order approximation of his equation, that you 
could use, or alternatively (when the approximation breaks down) you could 
write a small program that will evaluate the efficiency of your detector. 

I attach here a copy of a memorandum to Steve Jones on the subject. 

I am looking forward for hearing your 

comments on my letter of December 21s, 


Sincerely, 


Moshe Gai 


cc: J.P, Schiffer 
S . E . Jones 


Dr. H.O. Menlove December 21, 1989 

Los Alamos National Laboratory 
"Nuclear Safeguard" 

Los Alamos, NM 87545 


Dear Howard, 

Thanks for your letter of December 12th, a reply to my letter of November 
10th concerning some questions on your "cold fusion" data. Before 
correcting a few of the numbers as stated in your last letter, allow me to 
recount my questions concerning your method: 

Since I am not an expert on deuteriding, I consulted the experts from 
material sciences. I shall quote here my colleagues (i.e. Jim Reily at 
Brookhaven) : 

1. In the absence of a treatment of the surface (i.e. your experiment) a 
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small layer of oxygen will in fact prohibit the formation of the 
deuteride phase. It is than possible that your samples did not have 
deuterium in the bulk. I would think that this is a very serious 
problem. 

2. Your theory that one forms the deuteride by cracking the surface by 
repeated cycling over a prolonged period, was not familiar to any of the 
material science people I talked to. In fact even those who accepted 
this method as a possible new way of forming the deuteride told me that 
in their experience once a deuteride is formed the whole reaction goes 
very fast to yield a complete saturation of the metal. I don't know 
what is the origin of your statement that one needs to wait long time 

...for diffusion of the deuterium into the lattice through the fresh 
(no oxide) surface". 

3. Leaving all of these aside, in your manuscript I find in Table III, the 
description of 27 bursts, out of the 37 that Jones tell me you have. In 
all cases the sample showed activity prior or at cycle 5 (i.e. less than 
some 3-4 days). Some 11 bursts occurred within cycles 1-4, the Ti662 
samples show burst before cycle 4. Where is the evidence that one needs 
to wait for a long time? In your paper on p. 6 I read: "A complete 
temperature cycle would take about one day for most cases. Some cycles 
were shorter, lasting |5h. A given cylinder will be put through 7 to 14 
of these cycles. The neutron emission always ceased after a few 
cycles". If the neutron emission ceased after a few cycles why would 
you say that one needs to wait a long time? 

Our approach was that since you claim that the neutron activity occurred 
around -30 degrees than one does not need to wait a long time and the cycle 
could be shortened, as we did in our experiment (our cycles are some 9 
hours long). So in fact we exactly followed your procedure (as described 
in your paper). We had 12 cycles, with four cylinders, and using your data 
we should have observed quite a few bursts. Could you please let me know 
if you still stand by the paper you wrote, and why you claim that we run 
for too short a time. It is also worth mentioning that I run for twice as 
long as Steve Jones requested in his note to me on July 17, 1989, i.e. 

Jones requested about 5 days of running but we run for 10 days. 

concerning your questions about our experiment: 

The efficiency of our setup in burst mode is 28% (as quoted in our report 
to DOE) not 2 % as you suggest. The 2 % number you quoted is for time of 
flight data, that is not included in our report. The whole beauty of the 
system we have is that we can run it in any way we chose to. In the report 
we only included the analysis of the data for which the twelve detectors 
are used as counters with pulse shape discrimination (to identify a 
neutron) and pulse height data to include energy information. This is the 
simplest mode with which we can analyze our data, without all the bells and 
whistles that the system has. The time of flight data could be used to 
look for random emission, since in this case we have an extremely low 
background (of the order of 0.4 counts per hour) with a reasonable 

efficiency of 2 %. The random emission is not discussed in our report even 

though we also have analyzed these data at Yale. 

Our diagnostic of a burst is not complicated as you suggest and in fact 
very simple. For example in our report we write the formula for the 
efficiency of our system for different sizes of neutron source. You could 

use this formula to also determine the efficiency of your experiment which 

is not 11% as you stated. There is no cross talk in the system when you 
only use the detectors as counters (without time of flight information) . 
Could you clarify what you mean by your statement on a possible cross talk? 
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In fact you should realize that a cross talk would only produce an 
artificial burst, which will make it harder to miss a burst. The events 
for which we see more than 2.45 MeV energy deposited in the detector, have 
a clear pulse shape corresponding to a neutron. Hence we know that we 
observed a neutron with too high energy (i.e. cosmic neutron). If the 
detector had both gamma and a neutron hit at the same time the pulse shape 
will register a gamma-ray not a neutron. So g-n events in the detector 
could not account for veto by the 2.45 MeV window, as you suggest. 

Concerning your question of the self veto when gamma rays are included in 
the sample. We measured the self veto efficiency using a 252Cf neutron 
source. As you know this source have some 30 gammas for every neutron, so 
in fact yes our quoted self veto efficiency does include the possibility of 
having both gammas and neutrons emitted from the source. 

Concerning the report on evidence from China. I would be very happy to see 
a publication if you have one. In the course of an experiment many events 
may take place, and it is only the final published material that counts. 
This material usually includes only those events for which the experimenter 
took all the care to convince themselves that they are looking at a real 
effect and are willing to put their name on it. I think I am going to 
stick to published results only. 

Since your experiment is heavily criticized by material science people, for 
not treating the surface to allow for the formation of the hydride. Then 
why don't you do a new experiment with a treated surface? After all if you 
are right we may expect to see many more neutrons much faster when the 
deutride phase is formed immediately, if I understand you correctly. 

Along the same lines, I criticized your experiment for having a very large 
background (some 1400 counts per hour). Some time ago you have told me 
that you can repeat the experiment in a cave near your lab, in a quieter 
environment? Did you in fact do that? I feel that the criticism can only 
be addressed by doing new experiments. 

I am afraid my conclusion is very different from yours. I don't think that 
we both can be right. Only history will tell us which one of us is wrong! 

I am looking forward for hearing from you and continuing the dialogue on 
these data. 


Sincerely, 


Moshe Gai 


cc : S . E 


Jones 
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Tue, 23 Jan 90 16:56:01 EST 

"MOSHE GAI , (203)432 5195, FAX: (203)432 3522" <GAI@YALEVM> 
Re: Counter efficiency. 

RLG2@WATS0N 

Message of 23 January 1990, 09:57:10 EST from <RLG2@YKTVMV> 


cc: S.E. Jones 

K.G. Lynn (Brookhaven collaborator) 

Dear Garwin, 

At first let me say that I don't know what material was mailed to you by Jones. 
If it is the same thing that was mailed to me, than it is a serious 
misrepresentation of my work on calculating the efficiency of our array. Could 
I get a copy of what was mailed to you? You will recall that Menlove in his 
letter to Schiffer misquoted our report and in fact did not send a copy of 
my reply to his comments . 


rV 


Concerning the hit probability. I believe I have a solution to the hit 
probability, that is in close form. I have incorporated this solution into 
draft number two of our paper which was mailed today by Federal Express to BYU 
and BNL. I will FAX to you those pages from draft 2, where the formalism is 
discussed, and Fig. 5 of our paper where all the hit probabilities are plotted 
as a function of the multiplicity for various hit folds. In this draft I also 
write the approximation that can be used, even though I do not use them in the 
paper. You would note that while the approximation and hit probabilities 
calculated using this approximation where listed in our interim DOE/ERAB 
report, they were never used as such to interpret the data. 


Ov 1 


The hit probability that I calculated as discussed in draft 2, does not include 
multiple scattering (one neutron hits two detectors), or double hits (two 
neutrons hit one detector) . I understand that you set out to solve the hit 
problem including these facts. This is quite a formidable task, which I 
thought I solved as plotted in draft number 1 of our paper. Since then I 
realized that the problem is more complicated and decided to stick to the 
simpler case of no multiple scattering and no double hits. The multiple 
scattering and double hits will in fact increase our low folds hit probability, 
for a given multiplicity M. i.e. less neutron will correspond to a specific 
detected fold. 


Concerning your assumption: 

1. The efficiencies as listed by you are correct, as long as we both talk 

about a total efficiency (i.e. intrinsic efficiency times solid angle). Yes a 
neutron can multilpy scatter between detectors. This probability is not small, 
even though I neglected it in my draft number 2. You will note that this is 
not just a mathematical assumption, but in fact we measure in our experiment 
time of flight between a neutron hits in the central detector and a hit in a 
ring detector. As part of our data taking we use this double scattering for 
reducing the background. We measure a total efficiency of 2°o for such double 
scattering events, from two central detectors to ten ring detectors. In my 
analysis of hit pattern I neglect such multiple scattering, even though they 
can yield an artificial burst. This was done to have as a conservative 
estimate as possible of limits on bursts. 0/^3 ' 

2. Indeed calculating multiplicity from hit pattern (fold) is very hard 
especially when you have only a few events. Methods were developed to 
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calculate the various moments of multiplicity ditributions (i.e. the mean, the 
variance, etc. etc.). The problem we are facing is different. Which is to 
quote a reasonably confident upper limit on the number on neutrons in a burst. 
My idea here was to look for the sum of unobserved hit probabilities. For 
example if we only observe one ring counter fire, then I sum the probabilities 
for folds=2, 3,..., 10 ring counters, as a function of the multiplicity M. I 
quote the upper limit as that smallest value of M for which this sum yields 90% 
hit probability. Do you think this is correct? 

A few other comments. Since the efficiency for the central detector is much 
larger, the hit pattern for neutrons from the cells is dominated by the ten 
ring counters. This asymmetry was introduced partly to have a double 
scattering experiment, and partly to discriminate against background events for 
which all detectors have the seme efficiency. In my analysis I only 
consider the hit probability of the array of ten ring counters. 

Concerning the question of double hits. Since the spectrum of energy deposited 
by a neutron in our detector is equally distributed from zero to the neutron 
energy, the chance of a double hit summing to for example 4.4 MeV turns out to 
be 4% (= 0% at 5 MeV), based on energy consideration only. The pulse height of 
various detectors allow us to disentagle with some certainty a double hit from 
a high energy cosmic neutron. 

Hope these random notes are of some help, and I shall FAX to you tomorrow the 
relevant pages from draft 2. 

Best Regards and thanks for your help, Moshe Gai. 
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LIMITS ON EMISSION OF NEUTRONS IRON Ti IN PRESSURIZED D 2 GAS CELLS * 

S,L, Rugari, R.H, France III, B.J, Lund, S.D. Smolen, Z. Zhao, and M. Gai 
A.W. Wright Nuclear Structure Laboratory, 

Yale University, New Haven, CT 06511 

S.E, Jones 

Dept, of Physics, Brigham Young University, Provo, Utah 84602 

K . G . Lynn 

Dept, of Physics and Applied Science, Brookhaven National Laboratory, 

Upton, New York 11973 

K.W. Zilm 

Dept, of Chemistry, Yale University, New Haven, CT 06511 

ABSTRACT 

We have used, over ten days (103 hours running time), a very 
low background detector to search for emission of neutrons from 
Ti in pressurized D 2 gas cells (cooled to liquid nitrogen 
temperatures). The cells contained some 200 grams of Ti and 
were very similar to that used in a recent Los Alamos - Brigham 
Young University collaboration. No statistically significant 
deviations from the .. background were observed for correlated 
neutrons emitted in bursts, or for neutrons emitted randomly. 

All events are shown (with 99% confidence) to be consistent 
with background, For bursts of neutrons (spanning up to 20 
jusec) we deduce (with 90% confidence) an upper limit on the 
bursts' size of 40. Our upper limit on the random emission of 
neutrons, of 0.008 n/sec (90% confidence), is a factor of 6 to 
25 smaller than the evidence for random emission reported by 
the Los Alamos - BYU collaboration. 


* Supported in part by USDGE contract number DE-AC02-76ER03074. 
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excess of the 2.45 MeV expected from a fusion event. We thus conclude 
(with 99% confidence, see above) that all high fold events are consistent 
with background events. It is worth noting that the detectors that 
register a large energy deposit from cosmic neutrons are placed at the less 
shielded front side of the set up, see Fig. 1. 

Inspecting the time scale and energy deposited in detectors U5 , Ul 
and UO in the event of Run 45, listed in Table III, we may suggest that the 
event is consistent with one high energy (E > 7.3 MeV) cosmic -neutron 
(arriving from the less shielded front side, see Fig. 1), that undergoes 
triple scattering. It starts with one large angle scattering from detector 
U5 to its immediate neighbor detector Ul. Then it travels its mean free 
path in liquid scintillator, of a few cm, in one nsec or so and then 
undergoes a small angle scattering in detector Ul toward the central 
detector UO. From Ul it travels (with a negative time of flight) for 17 
nsec to the central detector UO, Note that a 2 MeV (or so) neutron 
travels, on the average, for some 15 nsec between a ring detector and a 
central detector. It appears that the parameters of the high fold event of 
Run 45, listed in Table III, are explained by this hypothesis of multiple 
scattering. 

We have calculated the hit probability in our array using the 
formalism first developed by B.R. Mottelson and discussed in Refs. 4-6. 
The hit probability in our array of twelve detectors is determined by the 
10 ring detectors. Therefore we only consider the hit probability in the 
ring counters. The hit probability -P K (M), of observing K detectors fired 
(K fold event), for a neutron source of Multiplicity M, is given by: 
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p K w- (o l0+K <^> (2) 

Where (^) is the usual binomial coefficient (equal to zero for K > N) , and 
e«0.8% is the efficiency of a single ring detector. Note that equ, (14) of 
Ref. 4, is missing the binomial coefficient ( 1 k). which however is 
correctly inserted in equ. (15) of Ref. 6. It is easy to see [4], that to 
first order equ. (2) yields; 

- M*10e*<M-l)*9«*. . .*(M-K+l)*(10-K+l)e/kl (3) 

Care should be used in using the approximation, equation (3), as it is only 
valid for small probabilities (for large M, it is in fact larger than 1) , 

The total efficiency of the 10 ring detectors is given by 1 - e ' , 
where «'-(l-10«) M , is the inefficiency of the array. Note that the array's 
inefficiency is equal to a fold K=Q event (i.e, e' - P K=(I ). For example, 
for a multiplicity of 25 (35) the total efficiency of our ring counters is 
88% (95%). These efficiencies are clearly more than adequate for our 
search of neutron bursts. We note that for a given event the sum of all 
hit probabilities for folds K=l,...,10 must equal l-«', as one and only one 
event is detected, with an efficiency of 1-e', (i.e. “ 1) . 

In Fig. 5 we show the hit probability of our array calculated using 
Mottelson's exact solution [4], equ, (2). For an event of multiplicity 
M-10Q, the array's total efficiency is 99.98%, and the most likely event is 
of fold K- 5 or 6 (i.e, 7 or 8 neutrons detected in the entire array). No 
such events were observed in our experiment. We estimate for multiplicity 
H > 40, at least 90% hit probability for 2 or more ring detectors (i.e 
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P2(22)+ . ., +P^o(22) > 90%), Since no valid events are observed with more 
than one hit in the ring detectors, see Pig. 3c, we deduce (with 90% 
confidence) an upper limit on the size of neutron bursts of 40. Using the 
data of Menlove et al. [2], we expect some 2-4 such neutron bursts over the 
duration of our experiment. 

In Fig. 6 we show the rate above background of neutrons emitted 
randomly. For these data the time of flight coincidence method was used 
[3] , which yielded the very low background of 2 cph (0.4 cph in the upper 
hemisphere and 1.6 in the lower hemisphere). Using the backgrounds 
measured in Runs 40, 41, 51, 52, and 60, we deduce the neutron rates above 
background shown in Fig. 6, exhibiting no significant deviation from the 
background. The ensemble average of all our data yields the rate; -Q.2±0.4 
cph above background. We then deduce (with 90% confidence), the random 
emission of neutrons not to exceed 0,6 cph, corresponding to a neutron 
source of 30 neutrons/hour (0,008 n/sec). This upper limit is a factor of 
6 to 25 smaller than the rate reported (as Ha) above background in Ref. 2, 

IV CONCLUSIONS 

We have searched for the emission of neutrons from "cold fusion", 
using an elaborate neutron detector system, and Ti samples as similar as 
possible to the ones used by Menlove et al. No statistically significant 
deviations from the background were observed, and upper limits on neutron 
emission, in both burst and random emission modes, significantly lower than 
reported by Menlove et al were obtained. 
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YALE UNIVERSITY 

A. W, WRIGHT NUCLEAR STRUCTURE LABORATORY 

P 0. Bo* 6666, 272 Whitney Avenue, New Haven, Connecticut 065 1 1 


Professor John Schiffer 
Argonne National Lab 
FAX: (312)972 3903 
DOE/ERAB Committee 


October 27, IS 89 
at 9:30 pm 


Dear John, 
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ABSTRACT 

In a search for bursts of neutrons from Ti in 
pressurised D 2 gas cells ("dry cells"), no 
statistically significant deviations from the 
background were observed for events where five or more 
neutrons are detected over a ten day experiment, 
including 103 hours of counting with cell* cm, &nd £0 
hours counting of various backgrounds . Up to four 

cells were used including some 60 grams (each) of 662- 
Ti fillings in a pressurized cylinder with 40-60 
atmosphere of D 2 S as • Othor TI samples were used toy , 

The samples were cooled to liquid nitrogen temperature 
and placed in front of the neutron detector while 
warming up to room temperature. Seven cooling cycles 
(of some 9 hours each) were used, for each sample. The 
neutron detector system included 12 liquid scintillator 
neutron detectors, arranged in a dose packed geometry, 
with six detectors in the upper hemisphere and six m 
the lower hemisphere. A central detector placed 2 cm 
from the colls (6-10+3%) was used, in each hemisphere, 
as a scatterer for a time of flight coincidence 
measurement, yielding the total coincidence efficiency 
of e-2+1% , The system was also used in singles mode to 

pulse 

heights, pulse shapes, and in some cases its time of 
flight. Spftt-.lal attention was given to reducing the 
background by using massive shielding, cosmic ray veto 
counters and geometrical arrangement that allowed to 
distinguish between a background event and expected 
data events . The so obtained background rate are 100 
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c p h in the "singles mod*" and in the upper hemisphere 

including 5 r '^ Qinciclence Two events 

Cludin 5 detected neutrons were observed in the 

and f r detf teT ^ W<,) ** tW ° eV£nt ‘ ^^5 
Q03 h W#re ffieaDurcd ^ cells on 

riv 1 ' i ° Ur events were vetoed by the cosmic 

SL Vetc \ COUnter and they appear consistent with 
on the°em? ^ tS ' ^ upper limit th&t w e deduce 

TiJrL ™ 0f 1 ? ursCs in °ur data corresponds to a 

£o» *lr?nT SWill<S J ^ 27 neUtroTls ov «r hours 
our dar* 20C ' of T i* We are currently continuing 

detailed !hM lySi f i n *®* rch for rantiom emission and f 
thl lli - f of tf1 b J aCk > grOUnd effecta that may reveal 

fill nriirin nf niifitiili.. .1 ^ 
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disclaimer 

In a collaboration between Yale University 
Brigham Young University and BrookhaveA 
National Laboratory, data was taken at the 
Wright Laboratory at Yale, over the period 
spanning August 20-29, 1989. So far the data 
was analyzed independently at Yale Univarsity 
and Brookhavan National Laboratory, with an 
analysis at Brigham Young University in 
progress, In this report we release a 

preliminary Set of our data from the above 

pfilh-?*' th * of ch e UUE/ERAB 

committee, While this report is complete we 

emphasis that the analysis of data is still in 
progress concerning other aspects of the data 
The final results will be covered in our 
forthcoming article to be submitted for 
publication in the near future. 



OCT 


F 


’89 20 ; - 


THLt- WI'-toL rMTiiLS iUci ‘-t.zic;.35cic.u 


3 

I, INTRODUCTION 

R*c®nt evidence for "cold fusion" [I] was reported by Menlov* et 1 . 1. in a 
Los Alamos - Brigham Young University experiment [2], where hursts ,f 
neutrons were reported from pressurized D 2 cells containing Ti .'III Lin ;s 
("dry cells"). The cells were cooled to liquid nitrogen temperature aid 
while warming up were placed in front of the Los Alamos neutron di.tejti-m 
system including 12 J He counters with total efficiency of <=30ti. Tie 
bursts Wet'e observed around 30-40 minuets through the warm up cycle at ft 
cell temp*rature of about -30°C. We have searched for bursts of neu ;ro: is 
using three to four such "dry cells" of essentially identic. 1 
characteristics, and report here on results which do not ah' w 
statistically significant deviations from the background, for high £0 d 
events. The detector system that we used can be operated in various iod ( s 
and h*r« we report on data using the high efficiency («-28±5%i , iodi . 
Several other tests of "dry cells" fabricated in Brookhaven lat ,oncl 
Laboratory were also used in this search, with similar results obtain* L. 

II. EXPERIMENTAL ARRANGEMENT 

The "dry cells" used in this experiment included some 80 grams (eacl ) < f 
662-Ti fillings, contained in a 40-60 atmospheres of D 2 gas. The cjlindeis 
were Cooled to liquid nitrogen temperature and than allowed to warm tp to 
room temperaiute. in Table I we list the Experiments performed, sne tie 
cylinders used are specified in Table^I. including detail® of th * : i 
material. In addition three cylinders prepared in Brookahven Nat;oml 
Laboratory ware, used and Lhe detaile of then® cells will h* present* d 3 a 
our forthcoming publication. Fach set of cylinders wa a studied ever 7 wamu 
up cycles of some 9 hours each, as listed in Table I. 

The experimental §«tup is very similar to the ono used in a previou* ! ale - 
Brookhaven collaboration on "cold fusion". Wo refer Che reader Lo R«£, 3 
for details of the neutron detectors and veto counters as well tbs 

operation of the system and the various cuts that can be placed on tbs 
pulse shape, puls* height and time of flight parameters in the analysis of 

lilll m in rtf I 111 mil iln inniniiiiriil mnimir mu n mu 

us*d as ftcatterora and ton ring detectors, as deoerib*d in Ref. 3. ')« list 

here the various improvements in the system as compared to that use 1 ii 

Ref. 3. (1) Twelve neutron detectors were used in this experiment, Lns tea i 

of the six used in Ref, 3 , The detectors were arranged in two hemi>pl*re* 
allowing for measurement of up-down asymmetry. In this way one may dieieri 
downward moving (background) neutrons, from neutroue originating in th > 
cells which move upward in the upper hemisphere. (2) Three veto coutteri 
were used to span a larger solid angle as shown in Pig, 1. (3) Th.t 

shielding of the setup was improved with the use of some 20 torn of 
concrete blocks containing iron (of dimension 45x45x60 cm, each). 

The efficiencies of our neutron detectors were measured using a cal:.br ite l 
Cf source, placed in the center of the detector system, as well ai o:t 
the edge of the pentagonal central detectors. The efficiency of the 
central detectors Was found to be e(U0) - e(DO)-10±3% and each detector in 
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the outer rings, U1-U5 or D1-D5, was measured to have an ef f id en 
0 8% Thus when all detectors are counted without requiring a ti 

/" aingUs ffi0de,,) * a total ^clLy o‘f 2B- 

factor of i ? \ the efficienc y ot the central detect* .rs 

factor of 12 larger than that of the ring detectors and for neu 

originating in the cells there is a very small probability that a 
ounter will fire without the corresponding central detector 
a?fSr" nd e ^ 4nCfl * the efficiency of all detectors is essentially the 

„ wi " g a situation where the ring counters fire but not the approe 

central detector. In addition the efficiency for a neutron double it 

0 2 l \TU 2 Q ■ 00,i, '*?,*“ * "“«• only 20 u*u t ror s ^ 

hir!‘ rt 1 4 hen V6ry unlikel ? that in the data discussed below d 

rin^ a C ^ d ring deteotor ‘ pulse height information i ro: 

ring detectors is very crucial for removing higher energy backs 

detect 118 ’ T vvf Cime ° f fHehr '‘^incidence offioicney of l**h >*1 

detectors, UOi and DOi, was measured to be 0.2%, yielding 

co no ence efficiency nf 2±1%, in the coincidence mode, The efilr. 
for vetoing cosmic ray related events was measured to be of the e*d< 
05%. In addition we estimated the efficiency for detecting 2 45 

including ^>0 the counters to be 0.6%, Thus for a neutron s< 

including 20 neutrons it is of the order 12% and it is very unlikely 
in any of the data discussed below the events were self vetoed, 

to h «JL“*n Ul ’* d f 0t 'j uch dftteocoi ;‘ il “ shape, to facilitate te; 

iZ/ , f \ ltS puisft hel « ht * for discrimination 
iXMeS fr 5 / h6rt tHe 6aA *1W d «P Q «iced may be larger than 2.43 
expected from fusion events, and the time of flight between the costt 

tim! trT 31 deC ® ctor ) and a ring detector. This allowed for studyln* 
time ordering of events. While neutrons originating in the cells 
moving upward in the upper hemisphere (i.e. central detector UC f 

d r ing d ff f -° r U1 :&> th * background events could be me 

downward <i,e with negative time of flight, see below). We how 

emphasize that It is possible in a burst including large number of nout 
spread in time, for one neutron to be detected in the central detec :or 
a different neutron Cdfbe detected in a ring detector, in a time order 
mimics a background neutron moving downward. Hence the time orderin 

TK* n a fi - h3V ° C ° b * e<maid ® v * d wia > care and may not be useful in all ca 
The data was written onto magnetic tapes event by event (including u 

An“tv t Parameter3) f f r 4 " fll ^ is using various cut* as discussed in 1 ef 
accepted onl y when a signal was registered in one of the 
central detectors UQ or DO. A gate 20 fism c wide, was used to allow 
accepting all data falling within ±1Q with respect to the trig 

.e, _t_ore or after one of the two central detectors fired Burst’ 
neutrons spread over more than 20 M sec would not be detected by our tv* 
T T e dat ® ctors were calibrated using standard radioactive sources. Tie 
or t light range of the TACs used was iu /iaec, with 8K dispersion alio- 

T?L of bUVH ', W 3pa " nlng 10 ^ ceo wtth «" accuracy of l.?5 tv 

Time ox flight tor neutrons is measured starting from a central detec’ 

eh? C *ni£ that * rllJ * deCector before its central dote, 

the time of .light is negative. The time resolution of the system 
measured ror 7 ~y events to be 2.5 nsec, as discussed in Ref. 3 
background rate in our experiment is 2 eph in the -coincidence mode- (* 
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e-2il%) and in the "singles mode" the background is 100 cph (with «*-28t5%>, 

III. EXPERIMENTAL RESULTS 


**«•» i" »t« e ' _ r'hTT™pi I : S r'Tr;;r c ;.;rd r™; 

central detectors and all other detectors are inspected . in Fig. 7 we 
a typical pulse shapo gate on neutrons in detector Ul. We have ~choi 
very broad gate on the pulse shape data (in one dimension) , so as to 
ante, that no neutrons arc excluded, but in the same tin* we in 
background gammas that fall within the broad gate. A histogram of n 
of detector fired (event fold) was constructed, as shown in Fig 3 
such gates on the neutron pulse shape, a* shown In Fig. 2 OnLv 
events were observed to have high folds of five or sis. Two weiv t b s , 
in WO separate background runs (spanning 28 hours) , in Runs 40 and 51 

??? in dat * runs (spanning 103 hours), in Runs 45 me 

All 4 high folds events were vetoed by the cosmic ray veto counter 
Fig. 4 we show the time distribution of these high fold events. Note 
the time calibration la 0.? min par channel, and t-Q is a few minuets 
the warmup cycle, after the cylinders are removed from the liquid nitj 
bath. The measured cylinder's temperature are shown as a function of 
in Fig. 5, Ihft , fflflg t . prcbak ll neutron multiplicity (1L.) can be calcu) 

r 6f f6ld ws#in S the efficiency for detecting an ever 

fold K given by: I fy 

<(K) • M^x« (l2)*(M n -l)*e (11)*. . ,*(M n -K)* e (12-K) 

For neutron source of multiplicity 125 we obtain 100% efficiency f o * 
detecting a neutron in «Ach detector (fold-12), and fur aultiplicicv « f 2) 
we have 100% efficiency of detecting 5 neutrons. Hence a 5 (6) fold e /en ; 
most probably corresponds to a source with neutron multiplicity of M n - 2 ) 
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The list of all observed event parameters is given in Table m. o n i 
one event (Run 45) both U0 and DO fired, as would be expected for nuut 
originating in the cells. In all events the energy deposited in al 1 
one ring detector is larger than the 2.45 MeV expected from a fusion ev 
The probability of these events being a hybrid event In which a neu 
originating from the cell appears in chance coincidence with a co 
background event is estimated to be of the order of lO’ 10 , and 
probability for a double hit in a ring counter is estimated to be of 
order of 0.2%, see balow, We thus can conclude based on the en 
deposited in the ring detectors that thesa events are consisten- ■■ 
background events. Tn fact inspecting the time scale and energy der' qs 
in detectors US, U1 and UO we may conclude that the event of Run 45 inc 
one neutron^ that does triple scattering Including one large ai 
scattering rrom detector US to its neighbor detector Ul, and i 
immediately followed by a small angle scattaring into the central dote, 
UU lying 7elow the ring detectors (thu* yioldlng to negative u me 
flight). From our data we deduce an upper limit on neutron bursts from 
cells te oe smaller than 27 neutrons with 98% confidence (3a), 


r i: i 
:on ! 
sas : 

:nt 
:roi t 
rail 
thi 
thi i 

It! 

,te< 

ud« 

£l« 

her 

tor 

oi 

oux 


i cr 


r-. 1 1 1 


r~i i t 


T-. T 



OCT 


F .8 


£7 '89 20say 'thll whbL ' pHYbitb' bui' '4j£aVc£v5 


6 

REFERENCES 

1. S.E. Jones, E. Palmer, J. Czlrr, D. Decker, G. Jensen, J. Thorne, S 
Taylor, and J. Rafalaki , Nature ‘538(1989)737. 

2. H.O. Menlove, M.M. Fowler, E. Garcia, A. Mayer, M.C, Miller, R.R. R; an, 
and S.E. Jones, to be published. 

3. M. Gai , R.T., Rugnrl , R ,H . France, B.J, Lund, Z.Zhao, A.J, D*venp< rt, 

H.S, Isaacs, and K.G. Lynn, Nature 340(1989)29. 


FIGURE CAPTIONS 

Fig, 1; A schematic diagram of the experimental arrangement drawn to sctle. 

Fig. 2: Typical two dimensional pulse height Vs pulse shape plct for 
neutron detector Ul. In the analysis a one dimensional ga;e was 
used as shown in the projection along the pulse shape axis, Ev« nts 
listed in Table III as neutron or gamma events have puls* *h* peg 
that fall within 10 channels of the gate's limit (around eaainel 
140). 

Fig. 3: Total number of high fold events observed in background runs (78 
hours) and data runs (103 hours). The average event rates are 
proportional to the running time with the same proportion*] ity 
factor for background and data runs. 

Fig. 4: Number of neutrons detected as a function of time into the wirn up 
cycle. The time calibration is 0,9 min per channel, and t-0 is a 
few minutes after the cylinders were removed from the Lit uid 
nitrogen bath: In this surface plot, two adjacent events coincide 

to yield a continues line. 

Fig. 5: Cylinder temperature as a function of time into the warm up cycle. 
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Tabic I; Summary of Runs 


Run Number 

Type of Run Cylinder Set 

Length of Run 

Blocks 

Blocks Per Minuh * 

3 

PuBe Neutron Source 

0:03 



4 

Ca 137 Source 

0:01 



5 

Co 60 Source 

0:01 



11 

Cf Source 

0:40 



12 

Cf Source 

<7:48 



14 

Cf Source 

0:10 



20 

Cf Source 

0:07 



21 

Cf Source 

<0:10 



22 

Cf Source 

0:02 

4812 

2405 

23 

Signal Timing Calibration 

0:19 

1313 

69.11 

30 

Bkgnd None 

0:02 

8 

i 

31 

Bkgnd None 

0:20 

37 

i.) 

32 

Bkgnd None 

8:16 

873 

1.7 5 


At this point we adjusted on-line gates, pulse shape discriminators, and the voltages of detectors UO and DO 


33 

34 

35 

36 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 


Co 60 Source 
Cf Source 
Bkgnd 
Bkgnd 
Bkgnd 
Bkgnd 
Data Run 
Data Run 
Data Run 
Data Run 
Data Run 
Data Run 
Data Run 
Data Run 
Cf Source 
Bkgnd 
Bkgnd 
Data Run 
Data Run 
Data Run 
Data Run 
Data Run 
Data Run 
Cf Source 
Bkgnd 
Data Run 



1/2 Lead Brick** 
1/2 Lead Brick*' 
SetL 
Set L #1 
Set A #1,2,3 
Set A 
SetB 
SetC 
SetD 
Set D 
SetE 
SetE 


\<2 

S 

c 


Set F 
Set G 
SetH 
Sell 
SctK 
Set K 
SetK 
SetK 


Set M 
Set J 


2:16 
1:20 
0:23 
8:57 
3:33 
6:15 
12:30 
9:22 
9:46 
7:23 
7:53 
9:47 
6:26 
2:57 
7:30 
4:06 
4:03 
4:02 
4:01 
4:30 
4:00 
4:25 
1:00 
4:01 
8:44 




6732 

151 


54 

627 

255 

439 

860 

647 

651 

511 

544 

657 

439 

8329 

509 

273 

279 

281 

279 

307 

277 

313 

1797 

273 

585 


49. > 
1.8 1 

2.3,5 

1.1 r 

1.20 

i.r r 

1 , 1 !? 

1.15 
l.l: 
1.15 

1.15 
1.17 
l.D 
47.] 
l.l; 
1.11 
l.l! 
l.K 
l.lf 

1.14 

1.15 
US 
30, t 
1.13 
1.12 


Notes: 

* This number is calculated after first subtracting off the seven header blocks from the 
blocks column. 

In runs 35 and 36, a 2"x 4"x 3.5" lead brick was placed between detectors U0 and DO. 


P 15 


OCT 


39 iOUs 'thll wribi_ rtiiii'w 


IJJCCU 


Tahlft IT: Cylinder Sets Used in Experiments 


Cylinder Set 

Cyl # 

Type of Gas 

Type of Metal 


Set A 




_ 


#1 

£>2 @ 780 PSI 

60g of Thick Ti662 chips from BYTJ 




#2 

D2 @ 990 PS I 

66g of Thin Ti662 chips from B YU 



#3 

Dg @ 680 P$1 

67gofTi667 chips from Ormet 

— 


#4 

D2 @ 250 PSI 

I2g of Thin Ti662 chips from BYU and 4g of chips ffoi n O met 


Set B 

#1 

D2 @ 720 PSI 

60g of Thick Ti662 chips from BYU 



#2 

D2 @ 980 PSI 

66g of Thin Ti662 chips from BYU 



#3 

D2 @680 PSI 

67g of Ti662 chips from Ormet 



ft ' 1 

D 2 @ unknown TOI 

12g uf Thin T1662 chips from byu and 4g of chips fror i O met' 


SetC 

#1 

D2 @ 680 PSI 

60g of Thick Ti662 chips from BYU 



#2 

D 2 @ 980 PSI 

66g of Thin Ti662 chips from BYU 



#3 

I>2 @ 680 PSI 

67g of Ti662 chips from Ormet 



#4 

D 2 @ unknown PSI 

12g of Thin Ti662 chips from BYU and 4g of chips fror i Oi net' 

— 

SetL 

#1 

D 2 @ 660 P$I 

60g of Thick Ti662 chips from BYU 



#2 

I>3 @980 PSI 

66g of Thin Ti662 chips from BYU 




#3 

I>2 @ 680 PSI 

67g of Ti662 chips from Ormet 



#4 

D 2 @ unknown PSI 

12g of Thin T1662 chips from BYU and 4g of chips from Or net* 


SetE 

#1 

** 




#2 

D 2 @ 980 PSI 

66g of Thin T1662 chips from BYU 



#3 

D2 @ 680 PSI 

67gofTi662 chips from Ormet 



#4 

D 2 @ unknown PSI 

12g of Thin Ti662 chips from BYU and 4g of chips frorc Or net* 


Set F 

#1 

H2 @ 790 PSI 

65gofTi662 chips. from LANL 

— 


#2 

D 2 @ 790 PSI 

No Chips 



#3 

Vacuum 

65g of Ti662 chips from LANL 


SaG 

#i 

H 2 @730 PSI 

62 g Of Ti662 chips from LANL 

— 


#?. 

D 2 @780 PSI 

No Chips 

— 


#3 

Vacuum 

65g of T1662 chips from LANL 




Set H 



ill 

02 @860 PSI 


#2 

02 @ 860 PSI 


#4 

02 @ unknown PSI 

Sell 


#1 

D2 @ 850 PSI 


#2 

L>2 @ 850 PSI 


#4 

02 @ unknown PSI 

Set J 


#1 

02 @ 860 PSI 


#2 

Dl @ 860 PSI 


#4 

02 @ unknown PSI 

SetK 


#1 

02 @ 400 PSI 


#2 

02 @414 PSI 


.#3 

02 @415 PSI 


#4 

02 @ 200 PSI 

Set L 


#1 

H2 @ 780 PSI ' 


#2 

Vacuum 


#3 

Vacuum 


#4 

Vacuum 

Set M 


#1 

Vacuum 

Notes; 


* 

This cylinder was smaller 


** 

This cylinder had a set of 


Ti662 chips from LANL 
Ti662 chips from LANL 
Thin Ti662 chips from Ormet* 

Ti662 chips from LANL 
Ti662 chips from LANL 
Thin T1662 chips from Ormct* 1 

Ti662 chips from LANL 
Ti662 chips from LANL 
Thin Ti662 chips from Ormet* 


50g of FeTi 
45.9g of V(D 2 ) 
20.3014g of Y met&i 
24.98g of La(Dj) 






o 


Empty 

Empty 

Empty 

Empty 




e> 


50g of FeTi 


" o — r 

100 PSI which rapidly fell to a level not measurable with the cylinder's 
pressure gauge do to the metal adsorbing the gas 



I dV 




laMfe IIL Summary of High Fold Events 


Detector Energy Deposited 
(McV) 


Five-fold event in background Run 40: 

U0 2.8 

U2 0.9 

U4 0.9 

U5 4.4 

D2 1.5 


Five-fold event in background Run 51: 


U3 

U4 

U5 

DO 

D1 


0,4 

2.0 

4.4 
0.9 

1.5 


Five-fold event in data Run 45: 
U0 
U1 
U3 
U5 
DO 

Six-fold event In data Run 61: 
U1 

U4 

DO 

D2 

D4 

D5 


1.8 

1.1 

0.6 

4.4 

3.3 


0.6 

0.4 

5.4 

1.6 

1.1 

4.2 


Time of Flight 
(nsec) 


0.0 

3.7 

3.7 

-2.4 

N/A 


N/A 

N/A 

N/A 

0.0 

3.7 


0.0 

-17 

3800 

-18 

N/A 


N/A 

N/A 

N/A 

740 

1.2 

1000 


Pulse Shape 


n 

n 

n or y 
n or y 
n 


n ory 
n 

n or y 
n or y 

n or y 


n 

n 

n 

n 

n 


n 

n 

nor y 
n or y 
n or y 
n 



January 8-5, 1990 


Dear Kelvin, Moshe, and Kurt, etc. 




Richard Garwin has looked over the "probability dispute" and 
produced hit probabilities that agree very well with ftl 

finderson’ s Monte Carlo predictions (see attached note by ftl). I 
maintain therefore that Al’s and rny conclusions are valid 
regarding the faulty probabi 1 it ies and associated misleading 
conclusions in the Interim Report of last October. (See reports 
by 01 and I dated 3,6, 15 January, and related memos). 

Jo 

I do feel obliged to reiterate my decf^sT' to discontinue 
col laborat i ng with Moshe for the reasons 1 ^jf^lented to you in my 
letter dated 15 January 1990. I see absolutely no reason to 
reconsider based on Dr. Garwin’s work, art^ Stow reiterate one last 
t i me rny f .i r rn dec i s i on . 




To those who 
publish a null 


may suggest this due to some reluctance t< 

result in a wel 1— d ea ^j ned and well-executed 


ex oer :i. merit , I will 


ask that , study ftl’s and rny January 
reports which show otherwise/ \&rd note that ftl’s analysis shows 
that double (ring) hit events\n the foreground have a rate of 
(0.25 + 0.08) /hr vs a background rate of (0. 1 + 0.05) /hr — this 

result should not be ignaju^A (In speaking to ftl yesterday about 
such events, he pointed Out: that the electronic inefficiency of 
each detector is straraJVy* affected by how the neutron/ gamma cuts 
are made. Deterrnip iuflvNfhe electronic inefficiencies per detector 

is a very difficult task because of the way the Yale electronics 
were set up, as shown by ftl in his original analysis of the Yale 
data, but must be done before discussions of burst production or 
upper limits can be made quantitative. ftl told me that until 

f i c i ency :is reliably evaluated by the Yale group, 
Undertake more analysis of the data — this should 
first step. The efficiency of each ring counter is 
Nor should 2+ bursts of 40 or more neutrons be 
the Yale data based on Men love as stated in Draft #2 
— this is grossly exaggerated and misleading. My analysis — 3 
Jan. report — has been i qnore d. as has the short £0 /.is gate in 
the Yale set-up relative to the 128 /.is gate of Menlove. ) 


EACH detect’ 
he will not 
really be 
NOT "0.008" 
expected in 


For the reasons given in my reports and ftl’s, 1 firmly disagree 
with the conclusions presented in the Interim Report and 
subsequent drafts. Although the probabilities in Draft #2 are 
finally getting close to ftl’s Monte Carlo predictions, the 
conclusions are virtually unchanged and do not reflect the I s 
analyses done by ftl and myself. Let it be clear that my name 
must no longer appear on this report and that I do not intend to 
continue the dialogue for reasons stated in my 15 January letter 
(and other reports). ' 


Furthermore, I invoke what 1 consider a basic human right when I 
ask Moshe to cease phone calls which have all too frequently been 
rude and intimidating to me. I hope you understand. 




ft ANDERSON 


TEL No .2083442065 Jan. 25,90 15:54 P . 02 


Response to notes from Dr. Garwin on Probability Calclulations 

A. N. Anderson 
25 January, 1990 

There were some minor differences between my calculations and Dr. Gar win’s, in as- 
sumptions about the center counters, but the results are comparable for situations ignoring 
the center counters. Probabilities for 2-or-more and 4-or-more ring hits with bursts of 20 
and 50 neutrons are presented below: 


Neutrons 

Hits 

Garwin 

Anderson 

20 

2 

.4478 

.4569 

20 

4 

.0477 

.0432 

50 

2 

.8916 

.9045 

50 

4 

.4308 

.4386 


Each case assumes a ring counter efficiency of 0.008. The ‘Anderson’ values are taken 
from the ‘ignore;any’ column of Appendix B. of my original report. I feel this represents 
good agreement, especially considering that Dr. Garwin is using an algebraic expression 
and I was using a MonteCarlo. Considering the agreement thus obtained I see no reason 
to beat this particular horse further. 


1 
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